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ANTIRETROVIRAL ENANTIOMERIC NUCLEOTIDE ANALOGS 



Field of the Tnv g ni-ir> n 

This invention concerns acyclic nucleotide 
analogs, their preparation and use. In particular it 
concerns separate enantiomers of 2-phosphonomethoxypropyl 
derivatives of purine and pyrimidine bases. 

Backcrround of th» invents an 

There is an urgent need for development of 
chemotherapeutic agents in the therapy of viral diseases. 
In particular treatment of diseases caused by 
retroviruses presents one of the most difficult 
challenges in human medicine. While a number of 
antiviral agents which are registered or are currently 
under study can effectively cure disease, relieve 
symptoms or substantially prolong the intervals among the 
recurrences of certain chronic viral infections, such 

^'f^. OUtco, ". hav ' not: y ftt been achieved in many 
.instances; notably that of AIDS, as an example of 

retroviral disease. Selectivity of antiviral action, 
which is an important requirement for novel antiviral 
agents, has not been achieved. 

Most of the compounds which are clinically 
useful for antiviral chemotherapy are nucleosides, 
modified in either the purine or pyrimidine base and/or 
the carbohydrate moiety. Such compounds mainly act in 
processes related to the synthesis of viral nucleic 
acids; their action depends on ability to undergo 
35 phosphorylation and subsequent transformation to the 
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triphosphates. one problem in administering modified 
nucleosides is the absence of suitable phosphorylating 
activity in the host cell and the existence of viral 
strains lacking virus-specific phosphorylating activity. 
5 While enzymatically resistant nucleotide analogs might 
appear to be particularly useful as potential antivirals, 
their polar character prevents effective entry of these 
analogs into the cells, as does lack of appropriate 
nucleotide receptors at the cellular membrane. 
10 Th is difficulty appears to be overcome in the 

series of acyclic nucleotide analogs which contain an 
aliphatic chain, bearing hydroxyl groups, replacing the 
sugar moiety. For example, the phosphates or phosphonic 
acid derivatives derived from the antiviral nucleoside 
15 analog ganciclovir (Cytovene) are reported to possess an 
anti-herpes virus activity (Reist at al., in "Nucleotide 
Analogs as Antiviral Agents", ACS Symposium Series, No. 
401, pp. 17-34 (1989); Tolman, ibid, pp. 35-50; Prisbe et 
al., J Med Chem (1986) , 22:671). 

20 The following formulas describe several classes 

of prior art compounds: 

B-OIjCH-OCHjP (0) (OH), (1) R = CHjOH 

R (2) R - H 

25 .'" ■' ' . (3) R « CBjF 

Another group of antiviral compounds where the 
antiviral action is less strictly limited by the nature 
of the heterocyclic base includes phosphonic acid analogs 
in which a phosphonic acid moiety is linked to the 

30 hydroxyl group of an aliphatic chain sugar substitute via 
a methylene unit. Examples of such compounds are HPMP- 
derivatives (1) which were disclosed by the UK Patent 
Application No. 2 134 907 and PV-3017, now published on 
30 December 1986 as EP 206,459 of Holy et al. such 

35 compounds act exclusively against DNA viruses as reported 
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by De Clercq et al. in flalm^ (1986) 121:464-467, and 
reviewed by Hoi? et al. in Antiviral R»« (1990 ) ^,295. 

A similar type of antivirals is represented by 
PME-derivatives (2) disclosed by European Patent 
5 Application 0 206 459 by Holy et al. and described in 

detail by De Clercq at al. in Antiviral p» e (1987) £:2 6l # 
and by Holy et al. in Collection Czech rho Tn Connmin (i 98 7) 
52:2801; ibid. (1989), 14:2190). These compounds act 
against both DNA viruses and retroviruses, including HIV- 

10 l and HIV-2. The adenine derivative, PMEA, was 

demonstrated to exhibit an outstanding activity against 
Moloney sarcoma virus in mice, simian immunodeficiency 
virus in Rhesus monkeys as well as feline 
immunodeficiency virus in cats (Balzarini et al. . aids 

15 (1991) 1:21; Egberink et al. , Proc Natl Acad sci p. p.ft, 
(1990) 87:3087) . 

The extensive structure-activity investigation 
which concentrated on the modification of the side-chain 
(described by Holy et al. in "Nucleotide Analogs as 

20 Antiviral Agents", ACS Symposium Series No. 401 (1989), 

p. 51) did not reveal any additional substantially active 
antivirals. Replacement of this hydroxy 1 by fluorine 
atom resulted in the FPMP-compounds (3) which, in 
addi ^ :Lon to .^YfW. some ant i-DNA-virus activity display a 

25 substantial effect on both HIV-l, HIV-2 and murine 

sarcoma virus (as taught by Holy et al., Czechoslovak 
Patent Application PV 2047-90 now published on 30 October 
1991 as EP 454,127, and by Balzarini et al., Proc Natl 
Acad Sci U.S.A. (1991) M:4961). 

30 The racemic mixtures of 9-(2-phosphono- 

methoxypropyl) adenine and guanine (PMPA and PMPG) were 
also described by Holy et al., European Patent Appl. 
0206459 (PMPA) and Holy et al., Collection Czech Chan 
Cpmumn (1988) H:2753 {PMPA) , and by U.S. Patent 

35 Application 932,112 (PMPG). PMPA was devoid of any 
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appreciable antiherpetic effect while any antiherpetic 
activity of PMPG appeared due to its substantial 
cytotoxicity. The clinical forms of PMPG # and of the 
related compound , 
5 9- (3-hydroxy-2-(phosphonomethoxy) propyl) guanine (HPMPG) 
are disclosed in EP application 452935. For these 
guanine forms, the R-enantiomers consistently gave 
greater antiviral activity, especially in regard to the 
retrovirus HIV. There was little difference between R&S 
10 enantiomers in antiviral activity with regarding to some 
DNA viruses. It cannot be predicted whether this pattern 
of activity would extend to PMP compounds of other than 
guanine. 

Nothing in the above-cited references or their 
15 combination permits any prediction that the resolved 
enantiomers of the present invention would exhibit 
antiretroviral activity, or what the enantiomers 
preference would be. 

20 SummaiTY ot fcfa£ Inventipn 

Resolved enantiomeric forms of N-(2-phosphono- 
methoxypropyl) derivatives of purine and pyrimidine bases 
have been synthesized and found to possess useful and 
unexpected antiviral activity which is directed 

25 specifically against retroviruses. These compounds are 
of the formulas IA and IB, wherein IA represents the R 
enantiomer and IB represents the S enantiomer. 
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CHjB 
I 

H-C-OCH 2 P(0)(OR) 2 (IA) 
CH 3 



CHjB 

(ORJ^OJPCHjO-C-H (IB) 

CH 3 



35 



In the formulas IA and IB, B is a purine or pyrimidine 
base or aza and/or deaza analog thereof except for 
guanine and R is independently H, alkyl (1-6C) , aryl or 
aralkyl. 

Thus, in one aspect, the invention is directed 
to compositions comprising Formula IA unaccompanied by 
any substantial amount of the corresponding compound of 
Formula IB and to compositions comprising a compound of 
the Formula IB unaccompanied by any substantial amount of 
the corresponding compound of the formula IA. 

By "any substantial amount" is meant less than 
about 5 mole*, preferably less than about 2 mole%, more 
preferably less than about l mole% and most preferably in 
undetectable amounts. By "corresponding compound" is 
meant the enantiomer of the compound shown. 

Other aspects of the invention include the 
preparation of these compositions, their formulation into 
antiviral pharmaceutical compositions and the use of 
these formulations to treat retroviral infections. 

Detailed Deserir.lHnn of the I nvention. 

The compounds of the invention are the resolved 
(R) and (S)- enantiomers of N- (2-phosphonomethoxypropyl) 
derivatives of purine and pyrimidine bases which have 
structural formula I. 
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10 



B-CH 2 CH-CH 3 

I (I) 
OCHjP(O) (OH) j 

B is a purine or pyrimidine base or an aza 
and/ or deaza analog thereof other than guanine. 
Renantiames are preferred. As used herein, "purine" 
refers to substituted or unsubstituted moieties of the 
formula (in the following, free valences and hydrogen are 
not shown) : 



CD 



8 



15 



'N' 
3 



and "pyrimidines" to substituted or unsubstituted 
moieties of the formula 



20 



25 



N 
1 



30 



In aza analogs, at least one C shown in the 
above formulas is replaced by N; in deaza analogs, at 
least one N is replaced by C. Combinations of such 
replacements are also included within the scope of the 
invention . 
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Thus, l-deaza purine analogs are of the formula 




3-deaza purine analogues are of the formula 



10 




15 



8-aza purine analogs are of the formula 



20 



U 

N 



•N 



/ 



N 



; and 



l-deaza-8-aza purine analogs are of the formula 



25 



30 




35 



Preferred embodiments of B are those wherein B 
is a purine base selected from the group consisting of 
adenine, 2, 6-diaminopurine, 2-aminopurine, hypoxanthine, 
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xanthine; and their 1-deaza, 3-deaza or 8-aza analogs; 
and 

derivatives of purine or said analogs, which 
derivatives are other than guanine, substituted at 
5 position 2 and/or 6 and/or 8 by amino, halogen, hydroxy, 
alkoxy, alky 1 amino, dialkylamino, aralkylamino, 
heteroaralkylamino, hydroxyamino , alkoxyamino, hydrazino, 
heterocyclic amino, azido, mercapto or alkylthio. 

For the purposes herein it is understood that 

10 tautomeric forms are included in the recitation of a 
given group, e.g., thio/mercapto or oxo/hydroxyl. 

Included in this invention are those 
embodiments wherein B is a pyrimidine base selected from 
the group consisting of cytosine, uracil, thymine, 5- 

15 methylcytosine, and their 6-aza analogs; and 

derivatives of pyrimidine substituted at the 
exocyclic amino group in position s by alkyl, aralkyl, 
hydroxy or amino. 

As used herein, halogen refers to F, CI, Br or 

20 I; alkyl refers to a straight- or branched-chain 

saturated hydrocarbyl group containing 1-6C, such as 
methyl, ethyl, 2 -propyl, n-pentyl, neopentyl and the 
like; alkoxy is a group of the formula -OR wherein R is 
alkyl as above defined; alkylthio is a group of the 

25 formula -SR wherein R is alkyl as above defined; aralkyl 
or heteroaralkyl is a group of the formula -R-Ar wherein 
-R- is the alkylene counterpart of alkyl (-R) as above 
defined, Ar is a substituted (with hydroxyl, halo, amino, 
sulfonyl, carbonyl or C1-C3 alkyl substituted with 

30 hydroxyl, halo, amino, sulfonyl or carbonyl) or 

unsubstituted aromatic group having 6-10C and optionally 
a heteroatom selected from oxygen or nitrogen, e.g., 
phenyl, napthyl, quinolyl and benzyl; aralkyl amino or 
heteroaralkyl amino means groups of the formula -N(Z) 2 

35 wherein Z independently is H or -R-Ar (but at least 1 Z 
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is -R-Ar); heterocyclic amino is a saturated or 
unsaturated heterocyclic ring containing at least 1 N 
atom (ordinarily 1) and optionally in addition at least 1 
other heteroatom (examples being pyrrolidine, morpholino, 
5 piperidine and the like radicals) . Typically, cyclic 
structures contain from 3 to 6 ring atoms and are 
monocyclic, in some embodiments, the substituents of 
purine 6-amirto groups are taken together with purine N, 
to form an N-heterocycle fused to the purinyl moiety, for 
10 example as in Nl, N6-etheno-adenine . 

The compounds of the invention can be isolated 
in the form of free acids, salts or, in the case of 
compounds with heterocyclic bases bearing at least one 
amino function, in the form of zwitterions. The acid or 
15 zwitterionic forms can be obtained on purification of the 
deionized crude material by anion exchange 
chromatography, using volatile organic acids (acetic or 
formic acid) as eluents. The free acid forms can be 
easily transformed into physiologically acceptable salts 
by methods known in the art. Such salts include those of 
ammonium ion, Li + , Na + , K + , Mg** and Ca** or 
pharmaceutical^ acceptable organic cations; the salts 
may be monobasic or dibasic. Compounds with at least one 
amino function contained in B can also be prepared as the 
acid addition salts with inorganic or organic acids, such 
as HBr, HCl, HjS0 4 or HOAc. 

In certain cases, the acid or zwitterionic 
forms of compounds of the Formula IA and IB are extremely 
water-insoluble. Under such circumstances, purification 
is performed on a medium basic anion exchanger (e.g., 
DEAE-cellulose, DEAE-Sephadex) in a weakly alkaline 
volatile buffer, such as triethylammonium hydrogen 
carbonate. The resulting water-soluble triethylammonium 
salts can be transformed to salts of other cations by, 
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e.g., cation exchange, using cation exchanger in the 
corresponding form* 

The free acids, zvitterions or salts of 
compounds of Formula IA or IB are stable in the solid 
5 state or in sterile aqueous or aqueous-alcoholic 
solutions. 

Methods of Preparation 

The compounds of this invention can be prepared 
10 from an easily prepared chiral intermediate X derived 
from resolved lactic acid ester enantiomers using 
reaction scheme 1 or 2. 



15 



20 



25 

: 



30 
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Reaction scheme 1 is as follows: 



SCHEME 1 



10 



15 



20 



T90-CH-CH, 
I 

c!r° 



HOCH 2 CH-CH 



Step 1 




X 



B-CH-CH3 



B-CH-,CH-CH 7 
OH 



III 



Step 4 



B'-CH,CH-CHn 
I 

OH 



TsOCH 2 P (0) (OR) 2 " 
TV 



Step 5 



25 



30 



B-CHoCH-CH, 
I 3 



0CH 2 P{0) (OR) 2 
VII 



Step 7 



Step 6 



B' -CH^CH-CH-, 
2 | 



0CH 2 P(0) (OR) 2 
VI 



* 
* 



B-CH 0 CH-CH, 

0CH 2 P(0) (OH) 2 
I 
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wherein B is as defined above and B' is its 
suitably protected form; the * above the chiral center 
indicates that the resolved enantiomer is used* 
Protection of B comprises blocking of active hydrogen 
5 atoms contained in B, such as any hydroxy, amino or 
carbamido group. Protection can be achieved by 
introduction of alkali-labile groups, such as acetyl, 
benzoyl, pivaloyl or amidine, such as a 
dimethylaminomethylene group, or, by acid- labile groups 

10 such as trityl, substituted trityl, tetrahydropyranyl 
groups and the like. 

The desired enantiomer of 2-0-tetrahydro- 
pyranylpropane-l,2-diol of the Formula X is transformed 
to the corresponding 1-0-p-toluenesulfonyl esters in 

15 Step 1 under usual conditions, i.e. reaction with 

p-toluenesulf onyl chloride in pyridine. The tosyl group 
shown is preferred, however standard organic leaving 
groups such as mesylate, tr if late or halide can also be 
used. 

20 The protected intermediate of the Formula XI, 

isolated either by direct crystallization or by silica 
gel chromatography, occurs as a mixture of diastereomers 
which gives complex NMR spectra. 

The alkylation of a heterocyclic base with the 

25 synthon of the Formula XI in Step 2 is mediated by the 
formation of an anion which can be generated either by 
pretreatment of the base with alkali hydride in an inert 
solvent, such as dimethylformamide, or, by the anion 
formation generated in situ by alkali carbonate. In the 

30 latter case, an importance of cesium carbonate as a 
catalyst must be recognized. This catalyst not only 
substantially accelerates the alkylation of the base, it 
also favorably influences the regiospecif icity of 
alkylation by the synthon XI in purine ring systems, 
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giving alkylation at the preferred N9 position of purines 
or the corresponding position in the aza or deaza bases. 

The tetrahydropyran-2-yl group is cleaved in 
acidic media to afford the intermediate III in Step 3. 
5 This cleavage can be achieved by the action of mineral 
acid (e.g. sulfuric acid) anion exchange resins or 
organic acids (e.g. acetic acid, formic acid) followed by 
deionization. 

The N-(2-hydroxypropyl) derivatives of Formula 

10 III are transformed in Step 4 to base-protected 

derivatives of Formula V using any of a variety of 
methods generally available for the purpose, such as 
selective N-acetylation, N-benzoylation, reaction with 
dimethyformamide dialkyl acetals, N-tritylation, reaction 

15 with 3,4-dihydro-2H-pyrane and the like. 

In Step 5 of Scheme 1 the protected 
intermediate of Formula V is converted to the alkoxide 
anion by treatment with a suitable base, such as alkali 
metal hydride, in a non-reactive solvent, such as 

20 dimethylformamide, and the alkoxide is treated with 

dialkyl p-toluenesulf onyloxymethylphosphonate (Formula 
IV) . Preferably the phosphonate esters are of 2-propyl 
alcohol. The reaction is performed by stirring a mixture 
of the Formula V intermediate with the tosyl derivative 

25 of Formula IV in the presence of three equivalents 

(relative to intermediate V) of alkali hydride, e.g., NaH 
or KH or other suitable reagents at temperatures ranging 
from -10 # C to 80 # C, mostly from 0°C to 20°C, The 
reaction lasts from several hours up to several days, 

30 depending on the nature and concentration of the reaction 
components. Since gaseous hydrogen is evolved during the 
reaction, it is essential to work in an open system with 
suitable protection against moisture. 

Protecting groups are then removed from B' and 

35 the phosphonate ester linkages are hydrolyzed. Removal 
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of the protecting groups from B' in Step 6 can be 
achieved by generally acceptable methods such as 
methanolysis, acid hydrolysis, etc. Alkali labile groups 
can be removed simply by dilution of the mixture with 
5 methanol. The resulting diester of Formula VII is 

isolated by silica gel chromatography, or using other 
suitable supports, or contaminating non-nucleotide 
materials may be removed by deionization on cation 
exchangers, such as Dowex 50, or, by hydrophobic silica 

10 chromatography. The purified intermediate of Formula VII 
is then hydrolyzed, in Step 7 for example, by treating 
with a halotrialkylsilane, such as bromotrimethylsilane 
or iodotrimethylsilane in a polar aprotic solvent such as 
acetonitrile or DMF for 4-20 hours at room temperatur e . 

15 Volatiles are then evaporated in vacuo and the final 

product may then be obtained by further purification and 
isolation techniques depending upon its character. Ion 
exchange chromatography making use of the presence of 
negatively charged phosphonate group is preferred. 

20 Alternatively, compounds of Formula I can be 

prepared by Reaction Scheme 2. 
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SCHEME 2 
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15 



CHj-CH-CHjOH 



CHj-CH-CHjOCHjCjH, <■ 
OCH,Cl 



XIV 



Step 4 



Step 1 



Or" 



Step 3 



Caij-CH-CHjOCHjCjHj 
0^0 

XII 

Step 2 



CHj-CH-CHjOCHjC^j 
OH 

ZZZI 



20 



25 



CHj-CH-CHjOCHjC^I, 
OCH 2 P(0) (OR), 



XV 



> CHj-CH-CHjOH 

Step 5 | 



OCH 2 P(0) (OR) 



Step 



30 



B-CHjCH-CH, < 

OCHjP(O) (OR), 
VII 



Step 7 



CHj-CH-CHpTs 



OCH,P(0) (OR) 



IA or IB 
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In Scheme 2, the synthon of Formula XVII is 
ultimately used to provide the chiral PMP precursor. It 
bears a leaving tosyl group and can be used for 
alkylation of the heterocyclic base or its protected 
5 derivative to afford Formula VII, the protected diester 
form of the compounds of the invention. 

In Reaction Scheme 2, as in Reaction Scheme l, 
a resolved form of 2-0-(tetrahydropyranyl) -propane-1, 2- 
diol of the Formula X provides the required resolved 

10 enantiomer. The resolved compound of Formula X affords, 
in Step 1, on benzylation under standard conditions, e.g. 
with benzyl bromide in the presence of sodium hydride in 
DMF, the benzyl ether XII which is then transformed by 
acid hydrolysis in Step 2 to the resolved enantiomeric 2- 

15 0-benzylpropane-l,2-diol of the Formula XIII. Either 
enantiomer (a distillable oil) affords, in Step 3, on 
chloromethylation with 1,3,5-trioxane or paraformaldehyde 
in the presence of hydrogen chloride an intermediary 
chloromethyl ether of the Formula XIV which is, without 

20 purification, transformed in Step 4 into the phosphonate 
diester XV by heating with tri( 2-propyl) phosphite with 
simultaneous removal of 2-propyl chloride. Though the 
intermediate of the Formula XV is distillable in a high 
vacuum, this procedure may result in racemization. 

25 Partially purified products of this reaction are then 
hydrogenolysed under standard conditions such as 
hydrogenation in the presence of palladium-on-charcoal 
catalyst in methanol and the intermediary diester of the 
Formula XVI resulting from Step 5 is, without isolation, 

30 transformed in Step 6 into the tosyl derivative XVII by 
the action of tosyl chloride in pyridine. 

The sequence X — >XVII involves six steps, but 
does not require purification of the intermediates. All 
reactions proceed with high conversion so that the over- 

35 all yield of the sequence exceeds 40%. 2-propyl esters 
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of the phosphonate are preferred, but other phosphonate 
protecting ester groups such as methyl, ethyl, benzyl and 
cyclic diesters can be used to the same effect. Also the 
tosyl group in the synthon of the Formula XVII could be 
5 replaced by other leaving groups, as for example mesyl, 
triflyl, p-nitrophenylsulfonyl, etc. 

Step 7 of this synthetic sequence consists in 
the alkylation of the heterocyclic base by the synthon of 
the Formula XVTI. It requires an equimolar amount of the 

10 base relative to the heterocycle. The alley lation is best 
performed in DMF at increased temperature with either a 
sodium salt generated from the heterocyclic base by 
sodium hydride reaction or, alternatively, with a mixture 
of the heterocyclic base and a slight excess of potassium 

15 carbonate or, to an advantage, cesium carbonate. The 

reaction can be made either with unprotected or protected 
(e.g. N-benzoylated) bases or their precursors as 
mentioned in the description of the reaction according to 
the Scheme 1 . 

20 The protected intermediates of the Formula VI 

can be applied to advantage for transformations at the 
heterocyclic base to afford a wide variety of additional 
compounds of the Formula I. The reactivity of the halogen 
(e.g. chlorine) atom at position 6 of the 2-amino-6- 

25 chloropurine derivative of the Formula VII is applicable 
for the preparation of a wide variety of 6-substituted 2- 
aminopurine compounds; thus, by heating with sodium or 
lithium azide it is possible to prepare the 2 -amino- 6- 
azidopurine derivative which can be further reduced to 

3 0 the 2 , 6-diaminopurine compound. Alternatively, treatment 
of the chloro derivative with thiourea affords the 6- 
thioguanine compound, whereas its reaction with primary 
or secondary amines provides N6-substituted or 
disubstituted 2 ,6-diaminopurine derivatives. 

35 
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An analogous transformation is applicable also 
to the diester of the Formula VI derived from 6- 
chloropurine where it leads ultimately to the compounds 
of the Formula I containing 6-mercaptopurine or N6-mono- 
5 or disubstituted adenine. 

The alkylation proceeds rapidly and the 
required intermediate of the Formula VII can be easily 
isolated from the reaction mixture and purified by 
chromatography. Further processing of these 
10 intermediates leading to the compounds of the Formula IA 
and IB is identical with the procedure described in the 
Scheme ,1. 

An advantage of this method of preparation of 
the Formula I compounds over the method described by the 

15 Scheme 1 consists, in addition to the possible avoidance 
of base protection, in the elimination of acidic 
conditions which are essential for the preparation of the 
intermediary N- (2 -hydroxypropyl) derivatives of the 
Formula II , as well as of any other deprotection except 

20 for ultimate halotrimethylsilane treatment. The 
alternative procedure can thus be applied for the 
syntheses of compounds of the Formula I bearing sensitive 
heterocyclic bases. 

In respect to both reaction Schemes 1 and 2, 

25 the compounds of the invention may be prepared by 

alkylation of the desired heterocyclic base B as shown, 
or, in certain cases, by alkylation of a precursor of B. 
Thus, guanine derivatives can be best synthesized via 
alkylation of 2-amino-6-chloropurine followed by acid 

30 hydrolysis of the C-Cl linkage. Cytosine derivatives can 
be synthesized by direct alkylation of cytosine in the 
presence of cesium carbonate in a modest yield; better 
yields are obtained by the ammonolysis of an intermediate 
formed by alkylation of 4-methoxy-2-pyrimidone with 

35 synthon XI. 
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Similar subsequent changes at the heterocyclic 
base can be performed with the final products of the 
Scheme, i.e. the compounds of Formula I which are the 
subjects of the invention: adenine, 2 , 6-diaminopurine or 
5 guanine derivatives can be transformed by deamination 
with nitrous acid or its esters to the corresponding 
hypoxanthine, 2-hydroxyadenine or xanthine derivatives; 
similarly, uracil derivatives can similarly be converted 
to cytosine derivatives. Further transformations of the 

10 compounds of the Formula I can be realized with routine 
methods of nucleic acid chemistry: e.g., reaction of the 
adenine moiety with chloroacetaldehyde will afford the 
Nl,6-etheno derivatives; bromination of purine base to 
obtain the 8-bromo derivatives; N-aUcylation of the NH- 

15 functions in both the purine and pyrimidine compounds, 
etc. None of these subsequent transformations concerns 
any changes at the side chain or the phosphonate group of 
the compounds of Formula I. 

It will be recognized that the intermediate 

20 compounds that are parts of the pathways of Schemes 1 and 
2 are themselves novel compounds and therefore are part 
of the invention. 

An advantage of using the processes of Schemes 
1 and 2 consists in the utilization of starting materials 

25 of the Formula X, which are easily available in optically 
pure forms. The reaction sequence to prepare the chiral 
synthon X used both in Scheme 1 and Scheme 2 is described 
in Scheme 3. 
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SCHEME 3 

* * 

CHj-CH-COOR ■ — > CHj-CH-COOR 
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CHj-CH-CHjOH 



The crucial step of every asymmetric synthesis 
depends on the availability of optically pure chiral 
starting materials* The method used in the present 
invention makes use of commercially available (Merck) 
enantiomers of lactic acid alkyl esters of Formula VIII. 
These esters are first protected at the hydroxyl function 
by tetrahydropyranyl group; this reaction is performed 
without solvent by direct addition in the presence of an 
acid catalyst. The esters of the Formula IX are obtained 
25 by fractionation in vacuo. These intermediates are 

reduced by lithium aluminum hydride in ether or by bis (2- 
methoxyethoxy) aluminum hydride in ether or other inert 
solvents to the compounds of Formula X. 

30 Biological k££jvjty and Uses 

The enantiomerically resolved compounds of the 
invention display significant antiretroviral activity 
both in vitro and in vivo . Their jn vitro efficacy w*s 
demonstrated pn human immunodeficiency virus type 1 (HTV- 

35 1) and type 2 (HIV-2) in MT4 and CEM cells, as well as on 
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Moloney murine sarcoma virus (MSV) in C3H/3T3 cells. 
Their in vivo efficacy was proven in MSV infected NMRI 
mice, where the compounds markedly postponed the mean day 
of tumor initiation and substantially prolonged the mean 
5 survival day, both upon parenteral and oral 
administration . 

The compounds of the invention have several 
advantages over the prototype compounds (FMEA, PMEADAF, 
PMEG) and/or FPMP derivatives, e.g., FPMPA, FPMP-DAP) , 

10 and most relevant, unresolved PMPG + PHPA: (a) their 

antiretroviral activity is clearly separated from other 
antiviral activities (e.g. against herpes viruses); (b) 
their antiretroviral activity is not due to cellular 
toxicity. Consequently, the in vitro therapeutic index 

15 of these compounds is much higher than those of the 

prototype compounds and reaches a value of >2000 in some 
of the cases. Such compounds can be ideally suited to a 
long-term treatment of chronic diseases, e. g. AIDS. 

The struc tures of the test compounds presenting 

20 the subject of this invention are completely unrelated to 
any of the compounds currently used in clinical trials of 
AIDS patients. This will avoid cross-resistance of these 
compounds against those virus strains that became 
resistant to such treatment, e.g., AZT, DDI, DDC, TIBO, 

25 nevirapine, pyridinone, etc. 

The biological activity of these compounds is 
highly enantiospecif ic. Generally, the (R) -enantiomers 
are responsible for the antiretroviral activity. The 
activity of (S) -enantiomers in the guanine series is 

30 accompanied by a substantially increased toxicity. 

The compounds of the invention can be applied 
for the treatment of diseases caused by retroviruses, 
e.g. human immunodeficiency viruses (AIDS) , human T-celi 
leukemia virus (hairy cell leukemia, acute T-cell 

35 leukemia (HTL) ) . Since the molecular target of antiviral 
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action of these compounds is the virus-encoded reverse 
transcriptase, they should also have anti-hepadna virus 
activity (e.g. hepatitis B virus). 

The compounds of this invention also are useful 
5 as intermediates in the preparation of other compounds 
useful in in vitro methods. For example, the compounds 
containing bases capable of Watson-Crick base pairing are 
diphosphorylated by known methods and employed as 
analogues to dideoxy NTP's heretofore conventionally used 

10 in nucleic acid sequencing. The compounds of this 

invention function as nucleic acid chain terminators, as 
do dideoxy NTPs. Other uses based on this property will 
be apparent to the ordinary artisan. 

The compounds of this invention also are useful 

15 in preparative or diagnostic methods based on 

oligonucleotide or nucleic acid hybridization. For 
example, the compounds are converted to monomers suitable 
for incorporation into oligonucleotides using non- 
enzymatic synthetic methods, e.g. H-phosphonate or 

20 phosphoramidite chemistries • The monomers then are used 
as the 3' terminal base in oligonucleotide synthesis 
using such methods. The PMP portion of the monomer, any 
modified base present in the monomer, or both are readily 
available for recognition and binding by an antibody. 

25 The antibody in turn is labelled (for detecting 

hybridization of monomer-labelled probe to a target 
analyte sequence or the antibody is immobilized (for 
preparative separation of probe-bound nucleic acid) . 
Exemplary methods of this sort are further described in 

30 EP 144,913,; EP 146,039; WO 85/02415,; UK 2,125,964A; 

they do not require that the monomers of this invention 
be capable of Watson-Crick base-pairing or that they be 
recognized by any polymerase. 

The compounds may be administered topically or 

35 systemically i.e, orally, rectally, intravaginally and 
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parenterally (by intermuscular , intravenous, subcutaneous 
and nasal routes) . Generally, the oral application will 
require a larger quantity of the active ingredient to 
produce a therapeutic effect comparable with quantity 
5 given parenteral ly. 

Pharmaceutical compositions for the treatment 
of human retroviral diseases will comprise at least one 
compound of the Formula IA or IB or a pharmaceutical^ 
acceptable salt thereof, generally comprising 95 to 0.5% 

10 wt/wt of the composition in combination with a 

pharmaceutical^ acceptable carrier and non-toxic inert 
adjuvant. Other therapeutic agents can also be present. 
Additionally, mixtures of compounds of formulas IA and/or 
IB can be employed, provided that each member of such 

15 mixture is substantially free of its enantiomer. 

Pharmaceutical compositions containing 
compounds of the Formula I are conventionally prepared as 
tablets, lozenges, capsules, powders, aqueous or oil 
suspensions, syrups and aqueous solutions. The compounds 

20 can be formulated for a variety of modes of 

administration including systematic, topical or localized 
administration. Techniques and formulations generally 
may be found in Remington 9 a Pharmaceutical Sciences, Mack 
Publishing Co., Easton, PA, latest edition. The active 

25 ingredient is generally combined with a carrier such as a 
diluent or excipient which may include fillers, 
extenders, binders, wetting agents, dis integrants, 
sur face- active agents, or lubricants, depending on the 
nature of the mode of administration and dosage forms. 

30 Typical dosage forms include tablets, powders, licuid 
preparations including suspensions, emulsions and 
solutions, granules, capsules and suppositories, as well 
as liquid preparations for injections, including liposome 
preparations. 
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For systemic administration, injection is 
preferred, including transmuscular, intravenous, 
intraperitoneal, and subcutaneous. For injection, the 
compounds of the invention are formulated in liquid 
5 solutions, preferably in physiologically compatible 

buffers such as Hank's solution or Ringer's solution. In 
addition, the compounds may be formulated in solid form 
and redissolved or suspended immediately prior to use. 
Lyophilized forms are also included. Systematic 

10 administration also can be by transmucosal or transdermal 
means, or the compounds can be administered orally. For 
transmucosal or transdermal administration, penetrants 
appropriate to the barrier to be permeated are used in 
the formulation. Such penetrants are generally known in 

15 the art, and include, for example, bile salts and fusidic 
acid derivatives for transmucosal administration. In 
addition, detergents may be used to facilitate 
permeation. Transmucosal administration may be through 
use of nasal sprays, for example, or suppositories. For 

20 oral administration, the compounds are formulated into 
conventional oral administration forms such as capsules, 
tablets, and tonics. 

For topical administration, the compounds of 
the invention are formulated into ointments, salves , 

25 gels, or creams, as is generally known in the art. The 
compounds may also be administered for ophthalmic or 
ocular indications when appropriately formulated. 

The effective dose of active compound of the 
present invention is expected to be about 0.01-50 mg/kg 

30 body weight with preferred range of 1 to 20 mg/kg. The 
dosage in clinical applications must be professionally 
adjusted considering age, weight and condition of the 
patient, the route of administration ; the nature and 
gravity of the illness. Generally, the preparations are 
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expected to be administered by oral route from about 100 
mg to about 1000 mg per day, one to three times a day. 

The compounds of the invention, their methods 
of preparation and their biological activity will appear 
5 more clearly from the examination of the following 

examples which are presented as an illustration only and 
are not to be considered as limiting the invention in its 
scope. All melting points have been estimated with the 
use of Kofler's block and are uncorrected. Solutions 

10 were evaporated at 40°C/2kPa when not specified. Thin- 
layer chromatography was made with the use of silica 
plates containing fluorescent indicator; detection by UV- 
light. The nuclear magnetic resonance (NMR) spectral 
characteristics refer to chemical shifts (£) expressed in 

15 parts per million (ppm) vs. tetramethylsilane (TMS) as 
reference compound. The multiplicity of signals is 
reported as singlet (s), doublet (d) , doublet of :oublet3 
(dd), multiplet (m) , triplet (t) or quartet (q) ; other 
abbreviations include broad (br) signal, aromatic protons 

20 (arom.), dg-DMSO for hexadeuteriodimethylsulf oxide, D 2 0 
for deuterium oxide, NaOD for sodium deuteride and CDCl^ 
for deuteriochloroform. Other abbreviations are 
conventional . 

The following examples are intended to 

25 illustrate but not to limit the invention. 

I. SYNTHESIS OF INTERMEDIATES 07 FORMULA II 

A. Resolved Formula XI precursors 

30 Example 1 

fR)-2-0-Tetrahvdropvranvl-l-0-D-toluenesulfonvl oropane- 
1,2-diol. 

A mixture of isobutyl (R) -lactate (73 g, 0,5 
mol, Merck) and 3,4-dihydro-2H-pyran (70 g, 0,83 mol, 
35 Merck) was treated with 5M hydrogen chloride in 
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dimethylformamide (4 ml) and set aside at ambient 
temperature overnight in calcium chloride protected 250 
ml round-bottom flask. Silver oxide (15 g) was added, 
the mixture stirred magnetically for 2 hours and then 
5 filtered. The product was isolated by distillation (13 
Pa, b.p. 94-96 p C) to provide isobutyl 2-0- 
tetrahydropyranyl-(R) -lactate (102.5 g, 89 %) as a 
colorless oil. 

All 3 -necked round-bottomed flask was oven 

10 dried and equipped with ref lux condenser with calcium 
chloride protection tube, 250 ml dropping funnel and 
magnetic stirring rod. It was then charged with a 
suspension of lithium aluminum hydride (15.8 g, 0.415 
mol) and ether (500 ml, distilled from phosphorus 

15 pentoxide) and placed in ice-water bath. 

A solution of isobutyl 2-0-tetrahydropyranyl- 
(R) -lactate was added dropwise under stirring at such a 
speed that the mixture was continuously in mild reflux 
(approx.30 min.) . The cooling bath was removed and the 

20 mixture stirred in reflux for additional 3 hours by 

applying an external heating. It was then cooled again 
by ice-water bath and ethyl acetate (75 ml) was added 
during 20 minutes followed by water (15 ml) and 4M NaOH 
(15 ml) . The resulting mixture was then filtered by 

25 suction over a layer of Celite 521 ( Janssen) and washed 
with chloroform (500 ml). The combined filtrate was 
taken down in vacuo, the residue redissolved in ether 
(300 ml) and anhydrous magnesium sulfate (50 g) added. 
After standing overnight at ambient temperature, the 

30 mixture was filtered by suction, washed with ether (200 
ml) and the filtrate stripped of the solvent in vacuo. 
The remaining oil afforded by distillation (13 Pa, 75- 
76*C) 2-0-tetrahydropyranyl-(R)-propane-l,2-diol (67.5 g. 
0.422 mol, 95*) as a colorless oil. 

35 
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A solution of 2-0-tetrahydropyranyl-(R) - 
propane-l,2-diol(67.2 g f 0.42 inol) in pyridine (600 ml) 
was placed in a 2 1 round-bottom flask with magnetic 
stirring rod and 500 ml dropping funnel with a side- 
5 tubing , protected by calcium chloride tube. 

4-Dimethylaminopyridine (2 g) was added, the flask was 
placed in an ice-water cooling bath and a solution of 
p-toluenesulfonyl chloride (91 g, 0.477 mol) in pyridine 
(300 ml) was added over 1 hour under stirring. The 

10 mixture was stirred under ice-cooling for additional 3 
hours and left to stand overnight in a refrigerator at 
4°C. Water (20 ml) was then added to the mixture and, 
after standing for 1 hour, pyridine (approx. 3 00 ml) was 
distilled off in vacuo. The residue was diluted by ethyl 

15 acetate (2.5 1) and shaken with water (300 ml). After 

separation of the lower aqueous layer, the organic phase 
was washed with water (two 300 ml portions) , evaporated 
in vacuo and the residue co-evaporated with toluene (four 
250-ml-portions) in vacuo. The remaining amber oil was 

20 purified by chromatography over silica gel (eluting with 
chloroform) to afford 122 g (0*39 mol, 93*) of (R)-2-0- 
tetrahydropyranyl-l-0-p-toluenesulfonylpropane-l,2 diol 
as a thick colorless oil, R p 0*60 (TLC, chloroform). 
This product was stored at +4°C for several months 

25 without obvious decomposition. For C ig H 22 OS (MW 314,4) 
calculated: C,57.30; H,7.05; S, 10.20. Found: C, 57.15; 
H,7.22; S, 10.52. 

Examals l 

30 I S ) -2 -0-Tetrahvdrop vranvl-l-O-D-toluenesulf onvlprooane- 

A mixture of ethyl L-(-) lactate (59 g, 0.5 mol, 
Merck) and 3 ,4-dihydro-2H-pyran (70g, 0.83 mol) was 
treated and worked up exactly as described in Example 1 
35 to afford, after distillation (2 kPa, 102-104°C) ethyl 
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2-0-tetrahydropyranyl-(S) -lactate (98 g, 0.485 mol, 97%) 
as a colorless oil. 

This material (91 g, 0.45 mol) was treated with 
lithium aluminum hydride as described in Example 2 to 
5 afford after distillation (13 Pa, 72-75°C) 2-0- 

tetrahydropyranyl-(S)-propane-l,2-diol (67, 7g, 0.423 mol, 
94%) as a colorless oil. 

Following the conditions described in Example 
1, 2-0-tetrahydropyranyl-(S) -propane-l,2-diol (67.2 g, 
10 0.42 mol) was transformed in (S) -2-0-tetrahydropyranyl-l- 
0-p-toluenesulfonylpropane-l,2-diol. The purification by 
chromatography on silica gel (elution by chloroform) gave 
the product (121 g, 0.386 mol, 92%) as a thick colorless 
oil, chromatographically (TLC, RF 0.60 in chloroform) 

15 homogeneous. For C 15 H 2 2°5 S 314 ' 4 ) calculated: 

C,57.30; H,7.05; S,10.20. Found: C,57.50: H,7.33; 
S,9.95. 

B. Formula II compounds 

20 Example 3 

9-( SI - f2-Hvdroxvpropvl) adenine 
A suspension of finely ground adenine (13.6 g; 
O.lmol) and cesium carbonate (16.4 g; 0.05 mol) in 
dimethylformamide (400 ml, distilled from phosphorus 

25 pentoxide) was placed in 11 round-bottom flask equipped 
with 250 ml dropping funnel and calcium chloride 
protecting tube. The mixture was preheated at 100 °C and 
a solution of (S)-(2-0-tetrahydropyranyl-l-0-p- 
toluenesulfonyl)propane-l,2-diol (31.4 g, 0.1 mol) in 

30 dimethylformamide (200 ml) was added dropwise under 

magnetic stirring over 30 minute period. The resulting 
clear solution was heated at 100 °C for additional 6 
hours, cooled down and the solvent distilled off at 
50*C/13 Pa. The residue was extracted with boiling 

35 chloroform (three 30 0-ml-port ions) , filtered ahd the 
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filtrate taken down. in vacuo. The residue afforded by 
crystallization fr=m boiling ethanol 9-(S)-(2-0- 
tetrahydropyranyloxypropyl) adenine (13.2 g, 0.048 mol, 
48%) m.p. 172°C. R_ 0.40 (TLC, chlorof orm-methanol, 4:1). 
5 For C 13 H ig N 5 0 2 (277.3) calc. C 56.30, H 6.91, N 25.26; 
found C 56.46, H 6.82, N 25.57. ^H-NMR (200 MHz, d6- 
DMSO) : H2,H8 : 2 x s, 8.14 and 8.04; NH2 : br s, 7.20; 1'- 
CH 2 : dd, 1H, 4.23 (Jl,2 = 3.2, Jgem « 13.7) and dd, 1H, 
4.11 (Jl,2 - 7.1): 2'-CH: m, 1H, 4.06; 3'-CH 3 : d, 3H, 
10 1.12 (J3,2 =6.1); tetrahydropyranyl 1"-CH: dd, 1H, 4.28 

(J=2.9, 4.4); 5-CH 2 : ddd, 1H, 3.72 (J-3.9, 7.8, 11.5) and 
ddd, 1H, 3.34 (J=4.9, 5.1, 11.2); additional CH2 : m, 6H, 

1.20-1.65. 

A solution of 9-(S)-(2-0- 

15 tetr ahydropyr any loxypropyl) adenine (13 g, 0.047 mol) in 
0.25M sulfuric acid (300 ml) was left to stand overnight 
at ambient temperature and neutralized with saturated 
aqueous barium hydroxide solution to pH 7.0-7.1 (with the 
use of pH-meter) . The resulting suspension was brought 

20 to 80°C and after standing for 30 minutes filtered 
through a layer of Celite 521 (Janssen) and the 
precipitate washed with boiling water (500 ml) . The 
combined filtrate and washings were evaporated to dryness 
in vacuo, the residue coevaporated with ethanol (two 200 

25 ml portions and crystallized from boiling ethanol (ether- 
added to turbidity). The product was collected by 
filtration to give 9- (S)-(2-hydroxypropyl) adenine (7.7 g, 
0.04 mol, 85%), m.p.202*C. For CgH^NgO (MW 193,2) 
calc: C 49.73, H 5.74, N 36.25; found C 49.59, H 5.54, N 

30 36.29. [o) D — 41,0° (C-0.5, O.lMHCl). ^H-NMR (200 MHz, 
dg-DMSO) : H2,H8:2xs, 2H, 8.14 and 8.05; NH 2 : br s, 2H, 
7.23; OH: br,lH, 5.05 ( J oh,CH =4,2) '* l, - CH 2 +0 " CH: *' 3H ' 
3.97-4.13; CH 3 r d, 3H, 1.06 ( J cH3 f CH~ 5 * 6 ^ * 
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9- fRl - f 2-H vdrbxvpropvlUdenine. 
The condensation of adenine (13.6 g, 0.1 mol) 
and (R)-(2-0-tetrahydropyranyl-l-0-p- 
5 toluenesulfonylpropane-l,2-diol (31.4 g, 0.1 mol) was 
performed in the presence of cesium carbonate (16.4 g, 
0.05 mol) as described in Example 3. After extraction by 
boiling chloroform, the crystallization of the residue 
from ethanol (ether added to turbidity) afforded 9-(R)- 
10 (2-0-tetrahydropyranyloxypropyl) adenine (14.6 g, 0.053 

mol, 53%), m.p.l71-172°C. For ^ 12 n \9^5°2 (277.3) calc. C 
|6.30, H 6.91, N 25.26; found C 56.57, H 6-71, N 25.41. 

H-NMR spectrum (200 MHz, d^-DMSO) closely resembles to 
that of 9- (S) - ( 2-tetrahydropyranyloxypropyl) adenine 
15 (Example 3) . 

A solution of 9-(R)-(2- 
tetrahydropyranyloxypropyl) adenine (14.0 g, 0.05 mol) in 
0.25 M sulfuric acid was left to stand overnight at 
ambient temperature and worked-up as described in Example 
20 3 . The product was isolated to give 9- (R) - ( 2- 

hydroxypropyl) adenine (8.1g, 0.042 mol, 84%), m.p. 202°C. 
For CgH^NgO (MW 193,2) calc. C 49.73, H 5.74, N 36.25; 
found C 49.80, H 5.64, N 36.44. 

X H-NMR spectrum (200 MHz, d fi -DMS0) is identical with that 
25 of the (S)-enantiomer (Example 9). [a] D =+40,8 tt (c=0.5, 
0.1M HC1) . 



rm - ( 2-hvdroxv propvll -2 . 6-diaminopurine 
3 0 A suspension od 2 , 6-diaminopurine (15 g, 0.1 

mol) and cesium carbonate (I6.4g, 0.05 mol) in 
dimethylformamide (250 ml) was placed in 500 ml round- 
bottom flask with magnetic stirring rod and calcium 
chloride protecting tube and preheated to 100 "C. (R)-(2- 
35 o — tetrahydropyranyl-l-O-p-toluenesulf onylpropane-1, 2- 
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diol (32,8 g, 0.104 mol) was added in one portion and the 
mixture stirred at 100 °C for 20 hours. The solvent was 
evaporated at 50°C/13 Pa and the residue extracted with 
boiling chloroform (three 3 00-ml -portions) . The filtrate 
5 was separated on silica gel column (500ml), the product 
eluted by chlorof orm-methanol mixture (95:5), affording, 
after crystallization from ethyl acetate (ether added to 
turbidity) , 9- (R) - (2-tetrahydropyranyloxypropyl) -2,6- 
diaminopurine (14.2 g, 0.0485 mol, 48.5%), m.p. 150-152°C. 

10 For c 13 H 20 N € 0 2 (292.3) calc. C 53.41, H 6.90, N 28.76; 
found C 53.27, H 7.02, N 28.77. 

A solution of 9-(R)-(2- 
tetrahydropyranyloxypropyl)-2,6-diaminopurine (11.7 g, 
0.04 mol) in 0.25M sulfuric acid (400 ml) was left to 

15 stand overnight at ambient temperature, neutralized with 
aqueous ammonia and concentrated in vacuo. The solution 
was applied onto a column of Dowex 50X8 (250 ml, 100-200 
mesh, acid form) and the column washed with water until 
the UV-absorption and conductivity of the eluate dropped 

20 to the original values. The product was eluted by 

diluted (1:10) aqueous ammonia, the UV-absorbing eluate 
was collected and taken down in vacuo. The residue gave 
on crystallization from ethanol 9-(R) -(2-hydroxypropyl) - 
2 , 6-diaminopurine (6.5 g, 0.031 mol, 77.5%), m.p. 192°C. 

25 For C 8 H 12 N g d (208.2) calc. C 46.15, H 5.81, M 40.37; 

found C 45.97, H 5.72, N 40.56. 1 H-NHR-spectrum (200 
MHZ, d 6 -DMSO): H-8, 1H, 7.62; NH 2 : 2xbr s, 2x2H, 6.65 and 
5.77; OH: br, 1H, 5.05; l'-CH 2 : dd# 1H, 3.90 (J x 2 =3.9, 

J gein «13.7) and 3.80, dd 1H (J^* 7 * 6 ' ^em* 13 • 7) 1 2 '" CH: 
30 m, 1H, 3.95; 3'-CH 3 : d, 3H, 1.04 (J 3 2 =6,19). [cr] D *- 
40,7° (c-0.5, 0.1MHC1). 
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Example 6 

9- (s W2-H Ydro*vproPvH -2 . 6-diaminopurine 
The synthesis was performed in analogy to 
Example 5, with (S) -2-O-tetrahydropyranyl-l-O-p- 
5 toluenesulfonylpropane-l,2-diol (34,5 g, 0.11 mol) . The 
crude reaction product was dissolved in 0.25 M sulfuric 
acid (300 ml) and left to stand overnight at ambient 
temperature. The mixture was alkalized by ammonia and 
evaporated in vacuo to a volume of approx. 150 ml which 

10 was then applied onto a column (300 ml, 100-200 mesh) of 
Dowex 50X8 (acid form) . The column was washed thoroughly 
with water till the disappearance of UV-absorption of the 
eluate. Subsequent elution with dilute (1:10) ammonia 
afforded UV-absorbing fraction which was taken down in 

15 vacuo and crystallized from methanol to give crude 9-(S)- 
(2-hydroxypropyl)-2,6-diaminopurine (content, > 95%; 9.2 
g, 0.044 mol, 44%) which was used in the subsequent 
synthetic step. [aJ D »+41,2» (c=0.5, 0.1MHC1). 

20 example 7 

Q- CR\ - ( 2-H vdT-oxvpropvU guanine 
A suspension of 2-amino-6-chloropurine (18.6 g, 
0.11 mol, Mack) and cesium carbonate (17. 9g, 0.055 mol) 
in dimethylformamide (350 ml) was stirred at 100»C under 

25 calcium chloride protection tube and a solution of (R)- 
( 2-0-tetrahydropyranyl-l-0-p-toluenesulf onylpropane-1 , 2- 
diol (42 g, 0.134 mol) in dimethylformamide (100 ml) was 
added dropwise over 30 min. interval. The mixture was 
stirred at 100 »C for additional 6 hours, cooled and 

30 evaporated at 50°C/13 Pa. The residue was extracted with 
boiling chloroform (three 300-ml-portions) and the 
extract concentrated in vacuo. This material was applied 
onto a column of silica gel (500 ml) in chloroform and 
eluted by the same solvent. The relevant DV-absorbing 

35 fractions were pooled, evaporated and dried in vacuo. 9- 
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(R) - (2-tetrahydropyranyloxypropyl) -2-amino-6-chloropurine 
was obtained as yellow amorphous foam, 0.64 (TLC in 
chlorof orm-methanol , 95:5) (10.7 g, 0.034 mol, 31%). For 

C 13 H 18 C1N 5°2 < 311 * 8 > calc « : c 50.08, H 5.82, CI 11.37, N 
5 22.47; found C 49.92, H 6.08, Cl 11.44, N 22.54. ^"H-NMR 
spectrum (200 MHz, d6-DMS0) : H-8: S, 1H, 8.06; l'-CH2: 
dd, 1H, 4.01 (J x , 2/ =7.3, J gem =14.2) and dd, 1H, 3.94 

(J 1",2' =S * 4 ' J gem =14 * 2); 2 '" CH : m ' 18 » 3.42; 3'-CH3 :d, 
3H, 1.06 (J 3 , 2 , =5.4); tetrahydropyranyl: l"-CH: dd, 

10 1H, 5.07 (J=2.9, 8.3); 5"-CH2: m, 4.02 and dt, 1H, 3.80 
(J=2.0, 2.0, 11.7); other CH2 : m, 1.30-1.90. 

A solution of 9-(R)-(2- 
tetrahydropyranyloxypropyl)-2-amino-6-chloropurine (10 g, 
0.032 mol) in 1M hydrochloric acid (200 ml) was refluxed 

15 under stirring for 1 hour, cooled, alkalized with ammonia 
and evaporated in vacuo. The residue was crystallized 
from boiling water (decolorized with active charcoal) to 
afford 9- (R) -(2-hydroxypropyl) guanine (6.0 g, 0.029 mol, 
91%), m.p.255°C. For CgH^NgOj (209.2) calc. C 45.92, H 

20 5.30, N 33.48; found C 46.02, H 5.25, N 33.41. ^TI-MNR 
spectrum (200 MHz, d fi -DMS0) : NH: br, 1H, 10.80; H-8: s, 
1H, 7.61; NH 2 : br s, 2H, 6.74; OH: br, 1H, 5.05; l'-CH 2 : 
dd, 1H, 3.89 (J 1# 2 ,-3.7, J gem " 13 * 4 ) dd # 1H » 3 ' 78 

{J 1«,2'* 7 - 8 ' J gem" 13 * 4); ■ i '" ai 3 i d ' 3H ' 1 * 03 
25 (J 3# - 2 ,«6.1) . [a] D =-35,7» (c-0.5, 0.1M HC1) . 

Example 8 
9- f S> - ( 2 - HvdroxvpropvU guanine 
To a slurry of 4 g (0.1 mol) of 60% NaH 
30 dispersion in mineral oil(Janssen) in distilled 

dimethylformamide (300 ml) in a 11-round -bottom flask 
equipped with calcium chloride protecting tube was added 
in one portion 2-amino-6-chloropurine (17.5 g, 0.1 
mol, Mack) and the mixture was magnetically stirred for l 
35 hour at ambient temperature. (S)-(2-o-Tetrahydropyranyl- 
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l-0-p-toluenesulfonylpropane-l,2-diol (34.5 g, 0.11 mol) 
was then added in one portion and the mixture stirred at 
60 °C for 3 hours and at 8b°C for 8 hours. The solvent 
was then removed at 50°C/13Pa and the residue triturated 
5 with boiling chloroform (two 300 ml portions) and 

filtered. The filtrate was chromatographed on a silica 
gel column (300 ml) to give 9-(S)-(2-0- 

tetrahydropyranyloxypropyl) -2-amino-6-chloropurine (10.9 
g, 0.035 mol, 35%) as an amorphous foam. This material 

10 was refluxed in a mixture of 2M hydrochloric acid (100 
ml) and dioxane (100 ml) for 1 hour, cooled, neutralized 
with aqueous ammonia and evaporated in vacuo. The 
residue afforded by crystallization from water 
(decolorized with active charcoal) 9-(S)-(2- 

15 hydroxypropyl) guanine (5.7 g, 0.027 mol, 77%), m.p.256"C. 
For CgH^. N 5 0 2 (209.2) calc. C 45.92, H 5.30, N 33.48; 
found C 45.88, H 5.25 N 33.41. X H-NMR spectrum (200 MHz, 
d 6 -DMSO) was identical with that of the (R)- isomer. 
[a] D =+36,2°' (c-0.5, 0.1M HC1) . 

20 

Example 9 
i-f ri - f 2-H vdroxvpropvll cvtosine. 
A mixture of cytosine (8.5 g, 76 mmol, Fluka) , 
cesium carbonate (13 g, 40 mmol) and (R) -2-0- 
25 tetrahydropyranyl-l-0-p-toluenesulfonylpropane-l,2-diol 

(24 g,76 mmol) in distilled dimethyl formamide (300 ml) 
was stirred at 100°C for 12 hours and filtered while hot. 
The filtrate was stripped off the solvent in high vacuum 
and the residue triturated with boiling chloroform (three 

30 200-ml-portions) and filtered. The filtrate afforded by 
chromatography on a silica gel column to give i-(R)-(2- 
tetrahydropyranyloxypropyl) cytosine (4.6 g, 18 mmol, 
23.5%), m.p.259-260«C (crystallized from ethyl acetate- 
petroleum ether mixture). For C 12 H ig N 3 0 3 (MW 253,3) 

35 calculated: C,56.89; H, 7.57; N, 16.59; found: C, 55.80; 
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H, 7.72; N, 16.85. 'H-NMR (200 MHz, d g -DMSO) (mixture of 
diastereomers, 3:1), major isomer: H-5: d, 1H, 5.73 

(J g 6 »7.3), H-6: d, 1H, 7.52 (J g g-7.3); d, 3H, 1.13 
(J=6.l), NH2 : br s, 2H, 6.98; tetrahydropyranyl C-l" : br 
5 t, 1H, 4.36 (J=3.2); other CH 2 groups : m, total 10H, 

I. 20-1.70, 3.26-3.54, 3.72-4-01. 

A solution of l-(R)-(2- 
tetrahydropyranyloxypropyl) cytosine (4.0 g, 16 mmol) in 
0.25 M sulfuric acid (50 ml) was left to stand at ambient 

10 temperature overnight and neutralized with saturated 
aqueous barium hydroxide solution to pH 7.0-7.1. The 
suspension was warmed to 80 *C, filtered through a layer 
of Celite 521 (Janssen) and the filter washed with 
boiling water (500 ml). The filtrate was taken down to 

15 dryness in vacuo and the residue codistilled with ethanol 
(200 ml) . The residue was crystallized from ethanol 
(ether added to turbidity) to give l-(R)-(2- 
hydroxypropyl) cytosine (2.5 g, 15 mmol, 94%) , m.p.246°C. 
For C 7 H 11 M 3 0 2 (169,2) calculated: C, 49.69; H, 6.55; N, 

20 24.84; found: C, 49.48; H, 6.70; N, 24.70. ^"H-NHR- 

Spectrum (500 MHz, d6-DMSO) : H-5: d, 1H, 5.61 (Jj fi »7.3); 
H-6: d, 1H, 7,45 (J 5 fi -7.3); NH2: 2x br s, 2xlH, 7.04 and 
6.98; OH: br, 1H, 4.88; l'-CSj : dd, 1H, 3.73 (J^, ,«3.9, 
J gem »13.2) and dd, 1H, 3.31 (J 1M 2 ,«8.05, J gem -13!2); 2'- 

25 CH : m, IK, 3.82 (J«31.0); I'-CR^l d, 3H, 1.08 
(J 3 , 2 ,=6.35) . [a] D =-107,0» (c=0.5, 0.1MHC1). 

Example 10 
l - ( BJ - ( 2 -Hvdroxvpropv 1 ) cvtos ine . 
30 To a slurry of sodium hydride (4 g, 0.1 mol, 

60% suspension) in distilled dimethylf ormamide (300 ml) 
was added under stirring 4-methoxy-2-pyrimidone (12.6 g, 
0.1 mol) and the mixture stirred for 1 hour under 
exclusion of moisture (calcium chloride protection tube) . 
35 The resulting clear solution was treated with (R)-2-0 — 
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tetrahydropyranyl-l-O-p-toluenesulf onylpropane-l , 2-diol 
(31*4 g, o.l mol) and the reaction mixture heated at 80 °C 
for 8 hours under stirring. The solvent was then removed 
in vacuo and the residue triturated with boiling 
5 chloroform (three 200-ml-portions) and filtered. The 

filtrate was purified by silica chromatography to afford 
1- (R) - ( 2-0-tetrahydropyranyloxypropyl) -4-methoxy-2- 
pyrimidone (16.9 g, 63 mmol, 63%) as an amorphous foam. 

This product was heated with methanolic ammonia 

10 (500 ml, saturated at 0 # C) in a steel autoclave at lio°c 
for 8 hours, cooled and the suspension evaporated in 
vacuo. The residue was dissolved in 0.25 M sulfuric (300 
ml) acid and the solution warmed at 70°c for 5 hours. 
The mixture was neutralized with aqueous ammonia, 

15 filtered through a layer of Celite 521 (Janssen) and the 
filtrate concentrated in vacuo. The resulting solution 
was applied onto a column of Dowex 50X8 (250 ml, 100-200 
mesh) in acid form and the column was eluted with water 
to the loss of UV-absorption of the eluate. The 

20 subsequent elution with diluted (1:10) aqueous ammonia 
afforded UV-absorbing fraction which was pooled and 
evaporated in vacuo .Crystallization from ethane 1 gave 1- 
(R)-(2-hydroxypropyl) cytosine (7.8 g, 46 mmol, 73%), 
identical with the product prepared according to Example 

25 9. " . 

9-( R) - ( 2-Hvdroxvpropyl 1 -N^-benzovladenina 

A suspension of 9- (R)-(2-hydroxypropyl) adenine 
30 (5.8 g, 30 mmol) in pyridine (160 ml) was treated with 

chlorotrimethylsilane (26 ml) and the mixture was stirred 
for one hour. Benzoyl chloride (20 ml) was then added 
and the mixture stirred for additional 2 hours. The 
reaction mixture was placed in ice-water bath and ice- 
35 cold water (3 0 ml) and concentrated aqueous ammonia (70 
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ml ) were subsequently added dropwise under stirring over 
15 min. The mixture was evaporated in vacuo. The 
residue was codistilled with ethanol (three 150-ml- 
portions) and crystallized from boiling water. The 
5 crystalline product was collected and recrystallized from 
ethanol (ether added to turbidity) to afford 9-(R)-(2- 
hydroxypropyl)-N 6 -benzoyladenine (7.8 g, 26 mmol, 87%) , 
m.p.227*C. . 0.40 (TLC, chlorof orm-methanol , 4:1). For 
C 15 H 15 N 5 0 2 (297.3) calc.:C 60.59, H 5.09, N 23.56; found 
10 C 60.73 r H 5.28, N 23.47. ^-MIR-Spectrum (200 MHz, d 6 ~ 
DMSO) : H2 , H8 : 2x s, 2xlH, 8.73 and 8.42, N-CHj + 0-CH: m, 
3H, 4.05-4.30; 3-CH 3 : d, 3H, 1.11 (J=5.6); arom. protons 
+ NH: m, 6H, 7.30-8.10. [a] D =+21,7* (0*0.5, DMF) . 

15 Example 12 

P-(S)- (2-HydyoxYpropYl) -N$-frgngPVlaflghine- 
To a stirred suspension of 9-(S)-(2- 
hydroxypropyl) adenine (6.8 g, 35 mmol) in pyridine (160 
ml) was added chlorotrimethylsilane (26 ml) and the 

20 mixture was stirred for 1 hour. Benzoyl chloride (20 ml) 
was added in one portion, the mixture was stirred for 
additional 2 hours and cooled in ice-water bath. Ice- 
cold water (30 ml) and cone, aqueous ammonia (70 ml) were 
added over 15 minute interval and the mixture stirred for 

25 additional 30 minutes at 0°C. The solvents were 

evaporated in vacuo and the residue codistilled with 
water. After crystallization from water the product was 
collected and recrystallized from ethanol to afford 9- 
(S)-(2-hydroxypropyl)-N 6 -benzoyladenine (4.4 g, 15 mmol, 

30 43%), m.p.230°C. The combined mother liquors were 

evaporated in vacuo and the residue stirred with ethanol 
(150 ml) for 30 minutes. The suspension was filtered and 
the precipitate of inorganic salts washed with ethanol 
(50 ml) and discarded. The filtrate was taken down to 

3 5 dryness in vacuo and the residue triturated with 
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chloroform (two 150 -ml -port ions) and filtered. The 
filtrate was chroma tographed on a silica gel column (200 
ml) to afford, after crystallization from ethyl acetate 
(petroleum ether added to turbidity) additional crop of 
5 the product. Total yield, 7.4 g (25 ramol, 71.5%). For 
C, e H, c N c O^ (297.3) calc.:C 60.59, H 5.09, N 23.56; found 
C 60.63, H 5.16, N 23.30. H-NMR spectrum was identical 
with that of the (R)-isomer in Example 11. [o] D =-25,2° 
(c=0.5, 0.1M HC1) . 

10 

Example, 13 

9- i S \- ( 2 -Hvdroxvpr opvl 1 -N^-benzovlouanine . 

Chlorotrimethylsilane (20 ml) was added in one 
portion to a stirred suspension of 9-(R)-(2- 

15 hydroxypropyl) guanine (5.0 g, 24 mmol) in pyridine (130 
ml) and, after 1 hour stirring, benzoyl chloride (16 ml) 
was added in one portion. The mixture was stirred for 
additional 2 hours, cooled by ice-water bath and ice- 
water (24 ml) followed by cone, aqueous ammonia (56 ml) 

20 were added dropwise over 10 minute interval. The 

reaction mixture was stirred for additional 30 minutes 
and evaporated in vacuo. The residue was triturated with 
mixture of water (200 ml) and ethyl acetate (200 ml) , 
filtered, washed with water, ether and dried in vacuo. 

25 9-(S)-(2-Hydroxypropyl)-N 2 -benzoylguanine (3,4 g, 11 

mmol, 45%) obtained was chromatographically pure: Ry 0.33 
(TLC, chloroform-methanol, 4:1). m.p.278»C. For 

C 15 H 15 N 5°3* 2H 2° < 349 - 4 > C *1 C - :C 51.56, H 5.49, N 20.05; 
found C 51.48, H 5.41, N 20.05. hl-NMR Spectrum (500 
30 MHz, d 6 -DMSO) : NH : 2xbr, 2x 1H, 12.30 and 11.90; H8: s, 

1H, 7.95; OH : d, 1H, 5.05 ( J 2 ' OH* 4 * 9)? 1 '~ CH 2 : dd ' 18 ' 
4.05 (J x , 2 ,= =3.4, J geiB - 12.5) and dd, 1H, 3.96 
(J 1%2 ,=7ll,J geffi =12.5) , 2'-CH: bra, 1H, 4.01; 3'-CH 3 : 
dd, 3H, 1.09 (J 3 , 2 ,*6.1); arom.protons: m, 2H, 8.05 and 
35 m, 3H, 7.50-7.70.' [a] D =+28,l b (c=0.5, DMF) . 
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fixample 14 

9-fR)-r2-Hvdroxvpropvl)- N2-ben2ovlcruanine, 

The reaction mixture composed of 9-(R)-(2- 
hydroxypropyl) guanine (2.5 g, 12 mmol), pyridine (65 ml) 
5 and chlorotrimethylsilane (10 ml) was stirred in a 

stoppered flask for 1 hour at ambient temperature and 
benzoyl chloride (8 ml) was added in one portion. After 
additional 2 hours stirring the mixture was cooled by ice 
and ice-water (12 ml) followed by cone, aqueous ammonia 

10 (28 ml) were added over 5 minute period. After 30 

minutes at 0°C, the solvents were evaporated in vacuo and 
the residue codistilled with ethanol. Crystallization 
from 80% aqueous ethanol afforded 9-(R)-(2- 
hydroxypropyl)-N2-benzoylguanine (2.4 g, 7.6 mmol, 

15 63.5%), m.p. 276°C For C 15 H 15 N 5 0 3 .2H 2 0 (349.4) calc.:C 
51.56, H 5.49, N 20.05; found C 51.28, H 5.62, N 20.24. 
X H-NMR spectrum was identical with that of the (S) -isomer 
( Example 13 ) . Rp 0.33 (TLC , chlorof orm-methanol , 4:1). 
[<*3 D — 28,4° (c»0.5, DMF). 

20 

II. SYNTHESIS OF INTERMEDIATES OF THE FORMULA XVII 

<S\ -2- fDi ( 2-nronvl)phosphonvlBethoxv) -1- (p- 
toluenesulf onvloxvl propane 

25 To a suspension of sodium hydride (17.2 g, 60% 

dispersion in oil, 0.43 mol) in dimethylformamide (400 ml) 
placed in a 1 1 round-bottom flask with dropping funnel 
and calcium chloride protecting tube was under stirring 
and cooling with ice added dropwise over 30 minutes (S)- 

30 2 -O-tetrahydropyr any 1-1, 2 -propanediol (69.2 g, 0.43 mol). 
The suspension was stirred for additional 1 hour at 0°C 
and benzyl bromide (51 ml, 0.43 mol) was added dropwise 
at 0°C. The mixture was stirred for 4 hours at 0°C and 
left to stand for 48 hours at ambient temperature. 

35 Methanolic ammonia (30% solution, 20 ml) was added and, 





WO 94/03467 PCT/US93/07360 



after standing for 2 hours , the solvent was taken down in 
vacuo. Ethyl acetate (500 ml) was added and the mixture 
washed with water (four 100-ml-portions) . The organic 
phase was evaporated and the resulting oil in 70% aqueous 
5 methanol (400 ml) was stirred under reflex with 50 ml 

Dowex 50X8 (acid form) for 4 hours. The warm mixture was 
filtered, washed with methanol and the filtrate 
evaporated in vacuo. The residual oil was taken in ether 
(200 ml), washed with water (50 ml), dried and distilled 

10 in vacuo. Yield, 60.8 g (85%, b.p. 100-105°C/20 Pa) (S)- 
l-0-benzyl-l,2-propanediol, [a] D — 13,6* (c*0.5, CHC1 3 ). 

This material (0.37. mol) in 1,2 -dichlor ethane 
(200 ml) was stirred with paraformaldehyde (20 g) and 
calcium chloride (10 g) under simultaneous introduction 

15 of dry hydrogen chloride for 2 hours at 0°C. The mixture 
was taken down in vacuo, the residue codistilled with 
toluene (three 50-ml-portions) and tri(2-propyl) 
phosphite (50 g) was added. The mixture was heated under 
stirring to 110 °C and the evolved volatile material 

20 distilled off. After the exothermic reaction has 

subsided, the mixture was heated up to 150 °C and finally 
the volatiles distilled off at 140°C/lkPa. The resulting 
material was filtered through a column (200 ml) of 
alumina, elution with benzene (0.5 1). The eluate was 

25 evaporated and the residue distilled in vacuo to yield 

(S) -l-benzyloxy-2-[di (2-propyl) phosphonylmethoxy] propane 
(44 g # 35%, b.p. 125-130°C/13Pa. For C17H2905P (344.4) 
calc. : C59,28, H8,49,P9,01; found C 59.44, H 8.28, P 
9.30. Mass-spectrum: Mol.peak 345.1 (M+l) . 

30 This product (44 g, 0.128 mol) in methanol (400 

ml) was hydrogenated overnight with 10% palladium-on- 
charcoal (1.5 g, Merck) and cone, hydrochloric acid (0.7 
mol) at atmospheric pressure. The mixture was filtered, 
the filtrate alkalized by the addition of triethylamine 

3 5 and evaporated in vacuo. The residue in ether (200 ml) 
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was washed with water (two 20-ml-portions) , dried over 
magnesium sulfate and evaporated in vacuo to afford (S)- 
2-(di(2-propyl)phosphonylmethyl)propane-l # 2-diol (24.4 g, 
75%) as colorless oil. 
5 This residue (24.4 g, 96 mmol) and 4- 

dimethylaminopyridine (1 g) in pyridine (200 ml) were 
treated dropwise at 0°C under stirring with a solution of 
tosyl chloride (22 g, 0.115 mol) in pyridine (100 ml) and 
the mixture left to stand at 0 B C overnight. Water (10 

10 ml) was added an the solvent evaporated in vacuo to about 
half of the original volume. Ethyl acetate (300 ml) was 
added, the mixture washed successively (100 ml portions) 
with water, 1M Hcl (to acidic reaction) , water, saturated 
sodium hydrogen carbonate and water. The solution was 

15 finally dried with magnesium sulfate and evaporated in 
vacuo to afford crude product which was purified by 
chromatography on a column of silica gel (elution by 
chloroform) . (S) -2- [Di (2-propyl) phosphonylmethoxy ] -1-p- 
toluenesulf onyloxypropane was obtained as a thick 

20 yellowish oil which was used for further preparations (28 
g, 69 mmol) . 

Example 16 

rR>-2-rdir2«propvl^phosDhonvlmethoxv1-l-p- 

25 toluenesulfonvloxvpropane • . 

The synthesis was performed essentially as 
described in Example 15 starting with (R)-2-0- 
tetrahydropyrany l-l, 2 -propanediol (42 g, 0.262 mol). l- 
0-Benzyl-(R)-propane-l,2-diol was obtained by 

30 distillation in vacuo (33 g, 76%, b.p. 98-102 # C/Pa) . 
[a) D «- 12,2* (c-0.5, CHC1 3 ) .The chloromethylation and 
reaction with tri (2 -propyl) phosphite gave crude 
phosphoric acid diester (32 g) which was hydrogenated in 
methanol (300 ml) with 10% palladium-on-charcoal catalyst 

35. (lg) and hydrochloric acid (0.5 ml) overnight. After 
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work-up according to Example 15 the intermediate afforded 
(R) -2- [di (2-propyl) phosphonylmethoxy ] -1-p- 
toluenesulfonyloxypropane (24 g, 59 mmol) . 

5 III. SYNTHESIS 07 PRODUCTS OF THE FORMULA I 

Example 17 

3- f R) - ( 2 -Phosphonomethoxvpropvl I adenine . 
A mixture of 9-(R)-(2-hydroxypropyl)-N 6 - 
benzoyladenine (3 g, 10 mmol) and di (2-propyl) p- 

10 toluenesulfonyloxymethylphosphonate (4.2 g, 12 mmol) was 
codistilled with dimethylformamide (two 25-ml portions) 
at 4 0°C/l3Pa. The residue was redissolved in 
dimethylf ormamide (50 ml) , cooled by ice and sodium 
hydride (1,2 g, 30 mmol, 60% dispersion in oil) was added 

15 in one portion. The resulting mixture was stirred under 
calcium chloride protecting tube at ambient temperature 
for 48 hours. 0.1 M sodium methoxide solution in 
methanol (150 ml) was added and the mixture set aside 
overnight under exclusion of moisture. Dowex 50X8 (acid 

20 form) was then added to acid reaction of the mixture 
followed by triethylamine to alkaline reaction of the 
suspension. After filtration and washing the resin with 
methanol (200 ml) the filtrate was evaporated to dryness 
(finally at 40°C/13Pa) • The residue in water (200 ml) 

25 was extracted with ether (two 100 ml portions) and the 
aqueous phase concentrated in vacuo (to approx. 100 ml). 
This solution was applied onto a Dowex 50X8 column (250 
ml) and washed with 20% aqueous methanol until the UV- 
absorption of the eluate dropped toithe original level. 

30 The product was then eluted with diluted (1:10) ammonia, 
pertinent UV-absorbing fractions were pooled and 
evaporated in vacuo. The residue was codistilled with 
ethanol (two 50 ml portions) and dried at 13 Pa over 
phosphorus pentoxide overnight to afford crude di(2- 
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•43* 

propyl) ester (3 g) , RF = 0.55 (TLC chlorof orm-methanol , 
4:1). 

Acetonitrile (50 ml) and bromotrimethylsilane 
(5 ml) were added to this residue and the suspension 
5 dissolved by stirring. After standing overnight at 

ambient temperature in a stoppered flask, the mixture was 
evaporated in vacuo and water (100 ml) was added to the 
residue. The mixture was aDcif led by aqueous ammonia and 
evaporated in vacuo. The residue dissolved in water was 

10 applied on a column of Dowex 50X8 (250 ml, acid form) 

which was washed with water to the drop of UV-absorption 
of the eluate followed by elution with aqueous ammonia 
(1:10) solution. The product containing fraction was 
evaporated to dryness in vacuo and the residue 

15 redissolved in water (50 ml) by alkalization with cone, 
ammonia to pH 9-9.5. This solution was applied on a 
column of Dowex 1X2 (250 ml, acetate form) which was then 
washed with 0.02 M acetic acid to the drop of the UV- 
absorption of the eluate. The elution was then continued 

20 by linear increase of acetic acid concentration (0.02M-1M 
over 2 liters) ; the product eluted at l N acetic acid. 
The relevant fractions were pooled, evaporated in vacuo 
and the residue codistilled with water (three 50-ml- 
portions). Crystallization from boiling water (three 

25 volumes of ethanol added after dissolution) afforded 9- 
(R)-(2-phosphonomethoxypropyl) adenine (1,35 g, 4.7 mmol, 
47%), m.p. 279*. For CgH^NgC^P.HjO (305.3) calc.:C 
35.40, H 5.29, N 22.94, p 10.17; found C 35.28, H 5.37, N 
23,03, P 10.17. Electrophoretic mobility (referred to 

30 uridine 3 ' -phosphate) : E^-0.80 (in 0.05 M 

triethylammonium hydrogen carbonate, pH 7.5; 20V/ cm) . 
^"H-NMR spectrum (200 MhZ, DjO + NaOD) : H2: s, 1H, 8.25; 
H8: s, 1H, 8.09; l'-CH 2 : dd, 1H, 4.35 (J^ ^ 2 ,=4 .4 ; J gca - 
14.4) and dd, 1H, 4.22 (J 1W 2 ,~ 5.1, J ge: ,=14-4) ; 2'-CH: 

35 m, 1H, 3.97 (J « 28.4) ; 3'-CH 3 : d,3H, 1.11 (J 3 , 2 ">6- 3 >? 
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P-CH 2 : dd, 1H, 3.57 (J p ^=9.5, J gem -12.4) and dd, 1H, 
3.46 (Jp fqH =9-3 # J gem =12!4). [o] D -+21 f 2» (c=0.5, 0.1M 
HCl). 

5 EaaiBBls 19 

9- (S) - f 2- PhosDhonomethoxvpropvl^ adenine , 
A solution of 9-(S)-(2-hydroxypropyl)-N 6 - 
benzoyladenine (3.57 g, 12 mmol) and di(2-propyl) p- 
toluenesulfonyloxymethylphosphonate (5.25 g, 15 mmol) in 

10 dimethylformamide (50 ml) was cooled to - 20°C and sodium 
hydride (1.44 g, 36 mmol) as 60% dispersion on oil was 
added in one portion. The mixture was stirred at 0 # C for 
3 hours and 48 hours at room temperature under protection 
against moisture. Further work-up of the reaction 

15 mixture was performed as described in Example 17. After 
purification by chromatography on the column of Dowex 1X2 
the product was crystallized from water-ethanol to give 
9- (S) -(2-phosphonomethoxypropyl) adenine (1.9 g, 6.7 mmol, 
56%). M.p. 276-278°C For CgH^N^P.HjO (305.3) 

20 calc.:C 35.40, H 5.29, N 22.94, p 10.17; found C 35.33, H 
5.56, N 23.14, P 10.00. Electrophoretic mobility and 1 H- 
NMR spectrum are identical with those of the (R) -isomer 
(Example 17), [a] D — 21,2 # (c-0.5, 0.1MHC1). 

25 Example 19 

9- ( R) - ( 2-Phosphonomethoxvpropvll -2 . 6-dlaminopurine . 

9- (R) - (2-Hydroxypropyl) -2 , 6-diaminopurine (2 , 1 
g,10 mmol) was dissolved by warming in a mixture of 
dimethylformamide (40 ml) and dimethylformamide 

30 dimethylacetal (25 ml) and the solution was left to stand 
aside in a stoppered flask overnight. The mixture was 
evaporated at 40°C/13 Pa and codistilled with 
dimethylformamide (two 20-ml-portions) . 50% aqueous 
pyridine (50 ml) was added to the residue followed up by 

35 dry ice, the mixture was evaporated at 40°C/13 Pa, 
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codistilled with pyridine (four 25-ml-portions) and di(2- 
propyl) p-toluenesulfonyloxymethylphosphonate (4.2 g, 12 
mmol) was added to the residue. The mixture was then 
codistilled with dimethylf ormamide (two- 25-ml-portions) , 
5 redissolved in the same solvent (40 ml) and cooled down 
to -10 °C. Sodium hydride (1,2 g, 3 0 mmol) as 60% 
suspension in oil was added in one portion and the 
mixture stirred at 0 9 C for 3 hours and 48 hours at room 
temperature under protection against moisture. Acetic 

10 acid (1.8 ml, 30 mmol) was added, the mixture was 

evaporated at 40°C/13 Pa to dryness. The residue was 
dissolved in diluted (1:1) aqueous ammonia, (100 ml), 
left to stand overnight and evaporated to dryness in 
vacuo. The residue was deionized on the column of Dowex 

15 50X8 (200 ml) as described in Example 15 and the ammonia 
eluate dried at 13 Pa over phosphorus pentoxide 
overnight. 

Acetonitrile (30 ml) and bromotrimethylsilane 
(3 ml) were added and the mixture homogenized by gentle 

20 shaking in a stoppered flask. The solution was left to 

stand overnight and evaporated in vacuo. The residue was 
dissolved in water (100 ml) and, after 30 minutes 
standing the solution was alkalified by ammonia and 
evaporated. . This residue was deionized on a Dowex 50X8 

25 column (200 ml, acid form) as described in Example 17. 
The residue of ammonium salt was dissolved in water (50 
ml) by addition of ammonia to pH 9-9.5 and this solution 
was applied on a column (200 ml) of Sephadex A-25 in 
hydrogen carbonate form, equilibrated by 0.02 M 

3 0 triethylammonium hydrogen carbonate. The column was 

first eluted by the equilibration buffer to the drop of 
UV-absorption and then by linear gradient of 
triethylammonium hydrogen carbonate (pH 7.5) (formed from 
0.02 M and 0.3 M buffer, 11 each). The product eluted at 

35 0.10-0.15 M concentration, the relevant fractions were 
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pooled, evaporated in vacuo and the residue coevaporated 
with methanol (three 50-ml-portions) . The residue 
dissolved in water (25 ml) was applied on a column (50 
ml) of Dowex 1X2 (acetate) which was first washed with 
5 water to the disappearance of UV-absorption. The resin 
was transferred to a 300 ml beaker and stirred with 1M 
acetic acid (200 ml) . The suspension was filtered and 
the resin washed with boiling water (1 liter) . The 
combined filtrate was evaporated in vacuo and the residue 

10 codistilled with water (three 50-ml-portions) • The 

residue was dissolved in boiling water (100 ml) , filtered 
while hot and ethanol (150 ml) added to the filtrate. 
The product which crystallized on ice-cooling was 
collected by filtration, washed with ethanol, ether and 

15 dried in vacuo. 9-(R)-(2-Phosphonomethoxypropyl)-2,6- 
diaminopurine (1,4 g, 4.7 mmol, 47*) was obtained as a 

free acid, m.p. 287*C For c 9 H 15 N 6 0 4 P - H 2 O C 3023 ) 
calc.rC 35.75, H 5.00, N 27.80, P 10.27; found C 35.93, H 
5.02, N 27.59, P 10.28. ^U-NMR-Spectrum (500 MHz, D 2 0 + 

20 NaOD) : H8 : s, 1H, 7.94: l'-CHj: dd, 1H, 4.7 (J^/ ,«4.4) 
and dd, 1H, 4.09 (Jj* 2 ,- ~5.4, J g— -14.65); 2'-CH: m, 
1H, 3.93 (J=28.8); 3'-CH 3 : d, 3H, 1.12 (J CT3 ^=6.3); P- 
CH 2 : dd, 1H, 3.54 tJp fCH **-3# J gmm s " 12 • 2 ) and * d ' 18 • 3 - 45 
* J P CH s9 * 3 ' J gear 12#2) ' Electrophor. mobility: £^0.70. 

25 [a]g— 26,1* (c*0.5, 0.1M HC1) . 

9- i SI - ( 2-Phosphonomethoxvpropvl) -2 , 6-diaminopurine. 
This compound was prepared from 9-(S)-(2- 
30 hydroxypropyl)-2,6~diaminopurine (2,1 g, 10 mmol) 

essentially as described in Example 19 for its (R) - 
enantiomer. The yield of 9-(S)-(2- 

phosphonomethoxypropyl)-2,6-diaminopurine crystallized as 
free acid from water-ethanol amounted to 33% (1,0 g,. 3.3 
35 mmol). M.p. 275-278*C. For CgH^.M^P.I^O (302.3) 
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calc.tC 35.75, H 5.00, N 27.80, P 10.27; found C 35.56, H 
5.08, N 27.99, P 10.18. Electrophoretic mobility: EL, « 
O.70; H-NMR spectrum is identical with that of its (R)- 
enantiomer (Example 19). [a]*+28,5° (c=0.5, 0.1MHC1). 



benzoylguanine (2.5 g, 7 mmol) and di( 2 -propyl) p- 

10 toluenesulf onyloxymethylphosphonate (2.9 g, 8.4 mmol) was 
codistilled with dimethylf ormamide (two 25-ml-portions) 
at 40°C/13 Pa and the residue redissolved in 
dimethylf ormamide (30 ml). Sodium hydride (0.84 g, 21 
mmol) in 60% dispersion in oil was added at one portion 

15 and the mixture stirred for 24 hours at room temperature 
under the exclusion of moisture. Methanol (100 ml) was 
added to the mixture which was then left to stand 
overnight, neutralized with Dowex 50X8 (acid form) and 
filtered. The filtrate was evaporated to dryness in high 

20 vacuum and the residue in water (150 ml) extracted with 
ether (two 50-ml-portions) . The aqueous solution was 
concentrated in vacuo to approx. 50 ml and applied on a 
column of Dowex 50X8 (150 ml) (acid form) which was first 
washed with water to the drop of UV- absorption and then 

25 with diluted (1:10) ammonia. The ammonia fraction was 

evaporated, the residue codisti lied with ethanol (two 50- 
ml-portions) and finally dried overnight at 13 Pa over 
phosphorus pentoxide. 



3 0 (4 ml) were added to the residue and the mixture 
dissolved by stirring in a stoppered flask. After 
standing overnight at ambient temperature, the mixture 
was evaporated in vacuo and the residue dissolved in 
water (100 ml). After 30 minutes, the solution was 
, 35 alkalized with ammonia and evaporated. The deionization 




9- fRW2-Phosphonomethoxvpropvl1 guanine. 
A mixture of 9-(R) -(2-hydroxypropyl) -N 2 - 



Acetonitrile (40 ml) and bromotrimethylsilane 
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and purification on Dowex 1X2 were performed essentially 
as described in Example 17. The final purified free acid 
form of 9- (R)-(2-phosphonomethoxypropyl) guanine was 
precipitated from ethanol with ether to give 0.90 g (3 
5 mmol, 43%) of the material with m.p. 286°C. For 

C 9 H 14 N 5°5 P < 303 * 3 ) c«ilc.:C 35.64, H 4.65, N 23.10, P 
10.23; found C 35.35, H 4.58, N 23.24, P 10.40. [a] D «- 
26,1° (c=0.5, 0.1MHC1). ^-NMR-Spectrum (500 MHz, D 2 0, 
NaOD) : H-8: s, 1H, 7.90; ■ l'-CH 2 : dd, 1H, 4.21 

10 {J 1',2' =4 ' 6 ' J gem* 14 - 5) ^ dd ' 1H ' 4 ' 15 < J i«,2'~ S - 5 ' 

J gem =14.5); 2'-CH: m, 1H, 3.99 (ZJ«28.7); 3'-CH 3 : d, 3H, 

1.14 <J 3 , f2 ,=6.2); P~CH 2 : dd, 1H, 3.56 <J p#CH «9-3, 
J gem" 12 - 4)f and dd ' ' **' 3 * 48 (J P,aT 9 ' 2 ' J gem =12 - 4 ^ 

15 E2BBBifi 22 

2z f ff ) - f2-?hQ?Ph<?npffi^th9xyprQPYl) guanine. 

A mixture of 9- (S)-(2-hydroxypropyl) guanine 
(1.57 g, 5 mmol) and di(2-propyl) p- 

toluenesulfonyloxymethylphosphonate (2.1 g, 6 mmol) was 

20 codistilled with dimethylformamide (two 20-ml-portions) 
at 40 °c/ 13 Pa and the residue redissolved in 
dimethylformamide (20 ml). Sodium hydride (0.6g, 15 
mmol)) as 60% dispersion in oil was added in one portion 
and the mixture stirred for three days at room 

25 temperature under exclusion of moisture. Methanol (30 
ml) was added and the solution left to stand overnight. 
After neutralization with Dowex 50X8 (acid form) and 
filtration, the filtrate was evaporated to dryness in 
vacuo and the residue deionized as described in Example 

30 17. The ammonia eluate of the crude diester was dried at 
13 Pa over phosphorus pentoxide. Acetonitrile (3 0 ml) 
and bromotrimethylsilane (3 ml) were added and the 
mixture dissolved by stirring. After standing overnight 
at room temperature, the reaction mixture was worked up 

35 as described in Example 17. 9-(S)-(2- 
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Phosphonomethoxypropyl) guanine was isolated as a free 
acid similarly as described for its (R) -enantiomer 
(Example 21) in the 43% yield (0.65 g, 2.15 mmol) . m.p. 
287«C. For CgH^l^OgP (303.3) calc.:C 35.64, H 4.65, N 
5 23.10, P 10.23; found C 35.72, H 4.54, N 23.06, P 10.29. 
^-NMR-Spectrum is identical with that of the (R) - 
enantiomer. [a] D =+26,3° (c=0.5, 0.1MHC1). 

EXSPPle ?3 

10 1- CR) - (2-Phosphonomethoxvpropvll cvtosi 

The mixture of l-(R)-(2-hydroxypropyl) cytosine 
(1.7 g, 10 mmol), dimethylf ormamide (40 ml) and 
dimethylf ormamide dimethylacetal (15 ml) was stirred 
overnight and evaporated at 40°C/13 Pa. 50% aqueous 

15 pyridine (20 ml) and enough dry ice was added to keep its 
excess for 15 minutes. The mixture was again evaporated 
and codistilled with pyridine (three 25-ml-portions) at 
40°/13 Pa. Di-(2-propyl) p-toluenesulf onyloxyphosphonate 
(4.2 g, 12 mmol) was added and the mixture codistilled 

20 with dimethylf ormamide (two 25-ml-portions) under the 
same conditions. The residue in dimethylf ormamide (40 
ml) was treated at -10 °c with sodium hydride (720 mg, 3 0 
mmol) and the mixture stirred at ambient temperature for 
48 hours under exclusion of moisture. 0.1 M Sodium 

25 methoxide in methanol (100 ml) was added and, after 
standing overnight, the mixture was neutralized with 
Dowex 50X8 (acid form) . The suspension was filtered, 
evaporated to dryness in vacuo and the residue deionized 
on a column of Dowex 50X8 (acid form, 150 ml) • The 

3 0 ammonia eluate was evaporated, dried in vacuo over 
phosphorus pentoxide and the residue treated with 
bromotrimethylsilane (3ml) and acetonitrile (30 ml) 
overnight. After evaporation in vacuo, the residue was 
treated with water (50 ml) , alkalized with ammonia and 

35 evaporated in vaicuo. The residue was deionized on a 
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column of Dowex 50X8 (see above) and the crude material 
purified by anion exchange chromatography on Dowex 1X2 
(acetate) column (100 ml) with a linear gradient of 
acetic acid (composed of 1 1 water and 1 1 0.3 M acetic 
5 acid) . The product fraction was evaporated, codistilled 
with water (three 30-ml-portions) and l-(R)-(2- 
phosphonomethoxypropyl) cytosine (0.90 g, 19%) obtained by 
crystallization from water-ethanol . M.p. 261°C. - 
0.70. For C 8 H 14 N 3 0 5 P (263.3) calc: C 36.50, H 5.36, N 
10 15.97, P 11.79; found C 36.43, H 5.39, M 16.05, P 11.82. 
[a] D =-108.1« (c=0.5, 0.1MHC1). 

9-fS W 2-PhosDhonomethoxvproDVl^ adenine 
15 A mixture of adenine (1.62 g, 12 mmol) and 

cesium carbonate (2.1 g, 6.5 mmol) in dimethylf ormamide 
was stirred at 100 # C and a solution of (S) -2-[ (di(2- 
propyl) phosphonylmethoxy] -1-toluenesulf onyloxypropane 
(4.1 g, 10 mmol) in dimethylf ormamide (10 ml) was added 
20 in one portion. The mixture was heated at 110 m C under 
stirring with exclusion of moisture for 8 hours and 
evaporated in vacuo. The residue was triturated with 
boiling chloroform (three 50-ml-portions) , filtered and 
evaporated in vacuo. The crude material afforded on 
25 purification by silica gel chromatography (150 ml) di-(2- 
propyl) (S) -9- (2-phosphonomethoxypropyl) adenine which 
crystallized from ether (1.7 g, 46%), m.p. 97-98°C. For 

C 15 H 26 N 5°4 P < 371 * 5 > calc * : c +8*50, H 7.06, M 18.86, P 
8.36; found C 48.27, H 7.15, N 18.85, P 8.44. [a] D ~ 
30 +2,8* (c=0.5, DMF). 

This product (1.4 g, 3.9 mmol) in acetonitrile 
(25 ml) was treated with bromotrimethylsilane (2.5 ml) 
overnight at room temperature. The mixture was taken 
down in vacuo and the product desalted and purified by 



35 
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chromatography on Dowex 1X2 column (100 ml) as described 
in Example 17. Yield, 76%, m.p. 277-278'C. [a] =+21.7. 

D 

Example 25 

5 9-fR) -(2-Phosphonoaethoxvpro pvll aden j rw> 

The reaction was performed with 12 mmol adenine 
and 10 mmol (R)-2-[ (di(2-propyl)phosphonylmethoxy]-i- 
toluenesulfonyloxypropane according to Example 22. Di(2- 
propyl) (R) -9- (2-phosphonomethoxypropyl) adenine m.p. 97*C 

10 was obtained by chromatography on silica gel and 

crystallized from ether (2.8 g # 75.5%). For C 15 H 26 N 5°4 P 
(371.5) calc: C 48.50, H 7.06, N 18.86, P 8.36; found C 
48.78, H 7.22, N 18.77, P 8.23. [a] D «- 2,9* (c=0.5, DMF) . 
The reaction of this product (1*8 g, 4.9 mmol) with 

15 bromotrimethylsilane (3 ml) and acetonitrile (30 ml) was 
performed as described in Example 22. Yield, 80% of 9- 
( R) - ( 2 -phosphonomethoxypropy 1 ) adenine . [ a ] D =2 1.5°, m.p. 
279°C. 

20 acaaalfi & 

9- f R> - ( 2-Phosphonomethoxvpropvll -2-aminopurim» 

Sodium hydride (1.4 g, 60% dispersion, 35 mmol) 
was added to a stirred solution of 2-amino-6-chloropurine 
(5.94 g, 35 mmol) in dimethylformamide (60 ml) and after 

25 l hour stirring at ambient temperature (R)-2-[di(2- 

propyl) phosphonylmethoxy] -1-p-toluenesulf onyloxypropane 
(12.2 g, 30 mmol) in dimethylformamide (20 1) was added 
in one portion. The mixture was stirred at 80 *C for 10 
hours and evaporated in vacuo. The residue was extracted 

3 0 with boiling chloroform (300 ml), filtered and the 

filtrate was evaporated in vacuo. The residue afforded 
by silica gel column chromatography (elution with 
chloroform-methanol mixture, 95:5) di(2-propyl) 9-(R)-(2- 
phosphonomethoxypropyl) -2-amino-6-chloropurine (7.5 g , 

35 
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53%) as a thick oil, R p 0.55 (TLC on silica gel in 
chlorof orm-methanol , 9:1). 

A solution of this diester (2.5 6.2 mmol) in 
200 ml methanol and 0.5 ml cone, hydrochloric acid was 
5 hydrogenated over 10% Pd/C catalyst (1 g) at room 

temperature overnight, the mixture was filtered, filtrate 
alkalized with triethylamine and evaporated in vacuo. 
The residue was deionized on Dowex 50 x 8 (acid form) 
(ioo ml) as described in Example 24 and the ammonia 

10 eluate evaporated and dried in vacuo over phosphorus 

pentoxide. Acetonitrile (25 ml) and bromotrimethylsilane 
(2.5 ml) was added and the solution left to stand 
overnight at room temperature. The mixture was 
evaporated to dryness and the residue taken up in water 

15 (25 ml) . After 30 min the solution was alkalized with 
ammonia and evaporated. The residue afforded on 
deionization on Dowex 1x2 (acetate) (150 ml) with 
linear gradient of acetic acid (0.75 1 water, 0.75 1 
0.5 M acetic acid) product which was isolated from the 

2 0 pooled fractions by crystallization from water-ethanol 

(1:1). Yield, 0.62 g (35.5%) of 9-(R)-(2- 
phosphonomethoxypropyl) -2-aminopurine, m.p. 156°C- For 
CjHufyO^ (287.3) calc: C 37.62, H 4.91, N 24.38, P 
10.80; found: C 37.42, H 5.05, N 24.65, P 11.06. 

Bands V 

9-rRWf2-Ph osphonomethoxvpropvl)-2-amino-6-thiopurine 
A solution of di(2-propyl) - 9-(R)-(2- 
phosphonomethoxypropyl) -2-amino-6-chloropurine (2.5 g, 

3 0 6.2 mmol) (prepared according to Example 26), thiourea 

(2.0 g) and absolute ethanol (100 ml) was stirred in 
reflux for one hour, alkalized with triethylamine and 
evaporated. The residue was extracted with chloroform (2 
x 100 ml) , filtered and the filtrate taken down to 
35 dryness and evaporated in vacuo. The residue (Rp P v 40, 
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TLC on silica gel, chlorof orm -methanol, 4:1) was dried 
over phosphorus pentoxide overnight and treated with 
acetonitrile (30 ml) and bromotrimethylsilane (3 ml) . 
After standing overnight at room temperature, the mixture 
5 was evaporated to dryness and taken down in water (50 
ml) . After 30 min it was alkalized with ammonia, 
evaporated in vacuo and the residue deionized on Dowex 50 
(cf. Example 25). The ammonia eluate was taken down in 
vacuo and applied on a column of Dowex 1X2 (acetate) 

10 (150 ml) which was washed first with water and with l M 
acetic acid (500 ml each). These eluates were discarded, 
the resin was stirred with 2 M formic acid (500 ml) , 
filtered and washed with boiling water (total, 1 1). The 
filtrate was evaporated to dryness, the residue 

15 codistilled with water (3 x 50 ml) and crystallized from 
water (equal volume of ethanol added after dissolution) . 
Yield, 1.0 g (50%) 9-(R) -(2-phosphonomethoxypropyl)-2- 
amino-6-thiopurine, m.p. 188°C (dec). For CJ^jtfijp 
(319.3) calc: C 33.85, H 4.42, N 21.94, P 9.72, S 

20 10.04; found: C 33.83, H 4.69, N 22.15, P 9.99, S 10.30. 

9- fR) - ( 2-PhosPhonomethoxvpropvll -2-amin o-6-azidopurine 
A solution of di(2) -propyl) 9-(R)-(2- 

25 phosphonomethoxypropyl)-2-amino-6-chloropurine (2.5 g, 

6.2 mmol) (prepared according to Example 26) and lithium 
azide (1.0 g) in dimethylf ormamide (40 ml) was stirred 4 
hours at 100 # C tinder exclusion of moisture, filtered over 
Celite, washed with dimethylf ormamide (20 ml) and the 

3 0 filtrate evaporated in vacuo. The residue (Rp 0.30, TLC 
on silica gel, chlorof orm-methanol, 9:1) was dried over 
phosphorus pentoxide overnight and treated with 
acetonitrile (20 ml) and bromotrimethylsilane (2 ml) . 
After standing overnight at room temperature, the mixture 

35 was evaporated to dryness and taken down in water 
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(50 ml). After 3 0 min it was alkalized with ammonia, 
evaporated in vacuo and the residue applied on Dowex 50 
(acid form) column (100 ml) . Washing with water eluted 
with retention the uv-absorbing peak of the product which 
5 was evaporated in vacuo and the residue crystallized from 
water (equal volume of ethanol added after dissolution. 
Yield, 0.95 g (47%) 9-(R)-(2-phosphonomethoxypropyl)-2- 
amino-6-azidopurine, not melting to 300°C For C^N^P 
(328.3) calc: C 32.92, H 3.99, N 34.14, P 9.45; found: 
10 C 233.03, H 4.29, N 33.75, P 9.59. 

Example 39 

9- (R> - r 2-P hosphonomethoxvpropvU -2 . 6-diaminopurine 
9- (R) - ( 2-phosphonomethoxypropyl) -2-amino-6- 

15 azidopurine (0.30 g, prepared according to Example 27) in 
50% aqueous methanol (200 ml) containing hydrochloric 
acid (0.5 ml) was hydrogenated over 10% Pd/C (0.5 g) 
overnight at room temperature. The mixture was filtered, 
washed with water, filtrate alkalized with ammonia and 

20 evaporated in vacuo. The residue was deionized on a 

column of Dowex 50 X 8 (50 ml) (cf . Example 25) and the 
ammonia eluate evaporated to dryness. The residue in 
water (pH adjusted to 9) was applied on a column of Dowex 
1X2 (acetate) which was first washed with water to 

25 remove salts and the product was then eluted with 1 M 
acetic acid. The fractions containing product were 
pooled, evaporated to dryness and codistilled with water 
(3 x 20 ml) . The residue was crystallized from water 
(ethanol added to turbidity) to afford 9-(R)-(2- 

3 0 phosphonomethoxypropyl) -2, 6-diaminopurine (120 mg) 

identical with the preparation according to Example 19. 
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Example 30 

9-fR)"f2-PhosphonomethoxvpropVl)-3-deazaadenine 
A mixture of 3-deazaadenine (1.45 g, 10.8 
5 mmol), cesium carbonate (1.75 g, 5.4 mmol) and 

dimethylformamide (25 ml) was stirred at 100 °C for 1 h 
and a solution of (R) -2-[di(2-propyl)phosphonylmethoxy]- 
1-p-toluenesulfonyloxypropane (3.67 g, 9 mmol) in 
dimethylformamide (10 ml) was added in one portion. The 

10 mixture was then heated for 24 hours at 110 °C under 
exclusion of moisture and taken down to dryness. The 
residue was extracted with boiling chloroform (total 300 
ml), filtered and the filtrate evaporated. The residue 
was chromatographed on a column of silica gel (300 ml) in 

15 chloroform affording, after crystallization of the 

relevant fractions from ethyl acetate-petroleum ether, 
di (2-propyl) 9- (R) - (2-phosphonomethoxypropyl) -3- 
deazaadenine in the yield of 1.07 g (32.2%), m.p. 122°C. 
For CijHzyN^P (370.5) calc. : C 51.87, H 7.35, N 15.13, P 

20 8.38; found: C 52.03, H 7.69, H 15.15," P 8.59. BV- 
Spectrum (pH2) : 1^ 262 (€16500). 

This diester (1.0 g, 2.7 mmol) was treated with 
acetonitrile (25 ml) and bromotrimethylsilane (2.5 ml) 
overnight. The mixture was then worked up as described 

25 in Example 27 to afford, after deionization and 

chromatography on Dowex 1X2 9-(R) -(2-phosphonomethoxy 
propyl) -3-deazaadenine in 78% yield, not melting to 
300°C. For CjoHuN^P (286.3) calc, : C 41.95, H 5.28, N 
19.57, P 10.84; found: C 42.03, H 5.63, N 19.75, N 19.75, 

30 p 11.09. UV-Spectrum (pH2): 1^ 262 (616500). - 
0.68 (pH 7.5). 
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p?Cample 31 

9- (R) - ( 2-P hosphonomethoxvpropvl) -8-azaadenine and 
8- (R) - (2-phosphono methoxvpropvl) -8-azaadenine 
5 A mixture of 8-azaadenine (1.45 g, 10.8 mmol) , 

cesium carbonate (1.75 g, 5.4 mmol) and dimethylf onnamide 
(25 ml) was preheated to 100°C and a solution of (R)-2- 
[di ( 2 -propyl ) phosphonylmethoxy ] -1-p-toluenesulf onyloxy 
propane (3.67 g, 9 mmol) in dimethylf onnamide (10 ml) was 

10 added in one portion. The mixture was then heated for 6 
hours at 110 °C under exclusion of moisture and taken down 
to dryness. The residue was extracted with boiling 
chloroform (total 300 ml) , filtered and the filtrate 
evaporated. The residue was chroma tographed on a column 

15 of silica gel (300 ml). Elution with chloroform 

containing 5% methanol afforded di(2-propyl) 9-(R)-(2- 
phosphonomethoxypropyl) -8-azaadenine as a thick oil in 
yield of 0.90 g (37%). UV-Spectrum (pH2) : 1^ 265.5 
(el4000). Rp 0.50 (TLC on silica gel in chloroform* 

20 methanol, 9:1). Further elution with the same solvent 

afforded di(2-propyl) 8-(R) -2-phosphonometboxypropyl) -8- 
azaadenine as semisolid material in the yield of 0.75 g 
(22%) . UV-Spectrum (pH2) : 1^ 284 nm. R p 0.40 (TLC on 
silica gel in chloroform-methanol, 9:1)* 

25 Each fraction was separately treated with 

acetonitrile (25 ml) and bromotrimethylsilane (2.5 ml) 
overnight and the mixtures worked up as described in 
Example 27. Chromatography on Dowex 1X2 column (50 ml) 
afforded 9- (R) - (2-phosphonomethoxypropyl) -8-azaadenine on 

30 elution with 2 M acetic acid. Yield (after 

crystallization from water-ethanol , 79%. UV-Spectrum 
(pH2): 1^ 265 nm (€14000). For C,H u N«0 4 P (289.3) calc. : 
C 33.21, H 4.DS. H 29.06, P 10.73; found C 32.97, H 4.63, 
N 29.00, P 11.10. 
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8- (R) - (2-phosphonomethoxypropyl) -8-azaadenine 
was obtained similarly by elution with 1 M acetic acid. 
Yield, 72%. UV-Spectrum (pH2) : 1^ 284 run. For 
C 8 H W N 6 0 4 P (289.3) calc: C 33.21, H 4.88, N 29.06, 
5 P 10.73; found: C 33.45, H 5.06, N 29.23, P 10.66. 

EXfrEPle 32 

9-(R)-f2 -Phosphonomethoxypropvl 1 hvpoxanth J n* 

A solution of 9- (R)- (2-phosphonomethoxypropyl) 

10 adenine (400 mg, 1.4 mmol) and sodium nitrite (1.4 g, 20 
mmol) in water (40 ml) was cooled in an ice bath and 
cone, hydrochloric acid (2 ml) was added. The mixture 
was stirred in an argon atmosphere at 0°C for 3 h and 
then overnight at an ambient tempera ture. The mixture 

15 was applied onto a column (100 ml) Dowex 50 X 8 (acid 

form) and the column eluted with water. The product was 
eluted with retention; the pertinent fraction was 
evaporated in vacuo, the residue codistilled with ethanol 
(2 x 50 ml) and the crystalline residue filtered with 

20 ether. Yield, 250 mg (62%) 9- (R)-( 2-phosphonomethoxy- 
propyl ) hypoxanthine, UV-Spectrum (pH2) ; 1^ 251 nm. For 
C^H l3 N 4 0 3 P (288.3) calc: C 37.50, N 4.54, N 19.44, 
P 10.77; found: C 37.35, H 4.55, N 19.22, P 10.86. 

25 Example 33 

9- f S) - (2-PhosphonomethoxYpropYl) hVPPXftnthihe 
A solution of 9-(S)-phosphonomethoxypropyl) 
adenine (400 mg, 1.4 mmol) and sodium nitrite (1.4 g, 
20 mmol) in water (40 ml) was cooled in an ice bath and 

30 cone, hydrochloric acid (2 ml) was added. Further work- 
up of the reaction was performed as described in Example 
31. Yield, 66% 9-(S)-(2-phospbonomethoxypropyl)hypoxan- 
thine. UV- Spectrum (pH2): 1,^ 251 nm. For C^^OjP 
(288.3) calc: C 37.50, H 4.54, N 19.44, P 10 . 77 ; found : 

35 c 37.80, H 4 * 65, N 19.56, P 10.55. 
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Example 34 

9- f - ( 2-Phost>honometho xvproovl ) -2-amino-6- 

dlmethvlaminopurine • 
5 A solution of di(2-propyl) 9-(R)-(2- 

phosphonomethoxypropyl) -2-amino-6-chloropurine (0.50 g, 
prepared according to Example 26) in 20% dimethylamine in 
methanol is heated to 110°C for 20 h in a pressure vessel 
and the solution evaporated in vacuo. The residue in 50% 

10 aqueous methanol (20 ml) is applied onto a column (50 ml} 
of Dowex 50 x 8 (H+-form) in 20% aqueous methanol and the 
column washed with the same eluent until the UV- 
absorption dropped to the original value. The column is 
then washed with 2.5% ammonia solution in 20% aqueous 

15 methanol and the UV-absorbing eluate taken to dryness, 
codistilled twice with ethanol (25 ml each) and dried 
over phosphorus pentoxide at 13 Pa. The resulting 
product is treated with acetonitrile (30 ml) and 
bromotrimethylsilane (3 ml) overnight at room temperature 

20 and the solution evaporated in vacuo. Water (50 ml) is 

added, the mixture alkalized by addition of cone, aqueous 
ammonia and the solution evaporated. Further work-up and 
purif ication is performed essentially as described in 
Example 17. Yield, 0.40 g (95%) 9-<R)-(2- 

25 phosphonomethoxypropyi) -2-amino-6-dimethylaminopurine, 
m.p. 154-156°C, [a] D — 10,6°(C*0.5, 0.1M HC1) . l H-NMR 
spectrum (DjO + NaOD) : 1.165 d(3H), J rx ~ 6.3 CH 3 ; 3.27 s 
(6H) N-CH 3 ; 3.47 dd(lH), J f .ch-9*5/ J g «12.9 and 3.65 dd(lH) 
J PfClI ~9.3, J g =12.9, P-CHj; 3.91 m, EJ - 29.0 2'-CH; 4.06 

30 dd(lH), J„,»6.4, J g =14.6 and 4.16 dd(lH), J 1T =3.7, 

J-14.6 l'-CHj; 7.79 S(1H), H-8. For C n H 19 N tf 0 4 P (330.3) 
calc. C 40.00, H 5.80, N 25.44, P 9.38; found C 39.54, H 
5.75, N 24.78, P 8.92. 





WO 94/03467 PCT/US93/07360 



-59- 
Example 35 

9- f Rl - ( 2 -Phosphonomethoxypropyl) -2-amino-6- 

dimethvlaminopurine 
5 A mixture of di(2-propyl) 9-(R)-(2- 

phosphonomethoxypropyl) -2-amino-6-chloropurine (0,50 g, 
prepared according to Example 26) and diethylamine (2 ml) 
in methanol (20 ml) is heated to 110°C for 20 h in a 
pressure vessel and the solution evaporated in vacuo. The 

10 residue in 50% aqueous methanol (20 ml) is applied onto a 
column (50 ml) of Dovex 50 X 8 (H -form) in 20% aqueous 
methanol and the column is washed with the same eluent 
until the UV-absorption dropped to the original value. The 
column is then washed with 2.5% ammonia solution in 20% 

15 aqueous methanol and the UV-absorbing eluate taken to 

dryness, codistilled twice with ethanol (25 ml each) and 
dried over phosphorus pentoxide at 13 Pa. The resulting 
product is treated with acetonitrile (30 ml) and 
bromotrimethylsilane (3 ml) overnight at room temperature 

20 and the solution evaporated in vacuo. Water (50 ml) is 

added, the mixture alkalized by addition of cone, aqueous 
ammonia and the solution evaporated. Further work-up and 
pur if i cat ion is performed essentially as described in 
Example 17,. Yi^ld, 0.40 c? (95%) 9-(R)-(2- 

2 5 phosphonomethoxypropyl ) -2 ~amino-6-dimethy laminopur ine , 
m.p.l62-164*C, [a] D — 9,8 # (c«0.5, 0.1MHC1). For 

C 13 H 23 N 6°4 P < 358 - 4) calc * C 43 ' 56 ' H 6 ' 47 ' K 23 ' 45 ' p 
8.66; found C 43.80, H 6.73, N 23.78, P 8.90. 

30 SXfrPple 3 6 

9- ( Zlz. 1 2-PhosDhonometho^/proPVl) -2-affiinp-6- 
hgty^aiinopyring 



35 



A mixture of di(2-propyl) 9-(R)-(2- 
phosphbnomethoxypropyl) -2-amino-6-chloropur ine (0.50 g , 
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prepared according to Example 26), butylamine (2.0 ml) 
and ethanol (20 ml) is refluxed under exclusion of 
moisture for 6 h and evaporated in vacuo. The work-up of 
the reaction mixture, following reaction with 
5 bromotrimethylsilane and isolation of the product is 

performed essentially as described in Example 34. Yield, 
0.40 g (87 *) of 9-(R)-(2-phosphonomethoxypropyl)-2- 
amino-6-butylaminopurine, m.p.l40-142°C, [er] D =-il,9" 
(c-0.5, 0.1M HC1). 1 H-NMR spectrum (DjO + NaOD):1.18 
10 d(3H), J 3S2 ,» 5.9 CH 3 ; 3.52 dd(lH) , J p ^-9-8, J g «12.5 

and 3.67 dd(lH) J p ^-9.5, J^=12.5, P-CH 2 ; 3.93 m, 2'-CH; 
4.05 dd(lH), J 1W2 ," 6 «1» J -14.6 and 4.16 dd(lH), 

J l'2' =3 * 5 ' J " 14 * 6 1/_CH 2 ? ? * 83 S(1H) ' H " 8; but Y 1: °- 92 
t(3H), J-7.3 CH 3 ; 1.38 br sext(2H), EJ« 36.6 l-CR^ 1.59 

15 br pent(2H), EJ=28.3 2-CH 2 ; 3.43 br m(2H) l-CH 2 .For 

C 13 H 24 N 6°4 P < 359 * 4) calc « C *3«*4/ H 6.73, M 23,39, P 
8.64; found C 43.31, H 6.20, N 23.57, P 8.90. 

Example 37 

20 9-fRl -( 2-PhosphonomethoxvpropvH -2-amino-6- (2- 
butvll aminopurine 

A mixture of di(2-propyl) 9-(R)-(2- 
phosphonomethoxypropyl) -2-amino-6-chloropurine (0.50 g, 
prepared according to Example 26), 2 -butylamine (2.0 ml) 

25 and ethanol (20 ml) is refluxed under exclusion of 

moisture for 8 h and evaporated in vacuo. The work-up of 
the reaction mixture, following reaction with 
bromotrimethylsilane and isolation of the product is 
performed essentially as described in Example 34. Yield, 

30 0.35 g (75 %) of 9-(R) - (2-phosphonomethoxypropyl) -2- 
amino-^6-(2-butyl) aminopurine, m.p.l48-149*C, [a] D — 
14,5°(c«0.5, 0.1MHC1). ^"H-NMR spectrum (D 2 O+Na0D) : 1.17 
d(3H), J 3 , f2/ » 6.3, CH 3? 3.51 dd(lH) , Jp^^-S, J g »12.5 

and 3.63 dd (1H) J p ^^^f J g «12.5, P-CH 2 ; 3.94 m, 2'- 
35 CH; 4.08 dd(lH), Jj^,' 6.1, J -14.6 and 4.19 dd(lH) , 
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J l'2'~ 2 ' 5 ' J g" 14,6 1/ " CH 2 7 7,88 s(1H) ' H ~ 8 '* 2-butyl: 
0.94 t(3H), J=7.3 + 1,25 d(3H) , J-6.6 CH 3 ; 1.61 br 

pent(2H), ZJ-28.1 CH 2 ; 4.15 br m(lH) CH. For C H N O P 

(359.4) calc. C 43.44, H 6.73, N 23,39, P 8.64; found C 

5 43.35, H 6.59, N 23.67, P 8.68. 

Example 38 

9- fin - f 2-Phosphonomethoxvprop vl > -2-amino-6- 
cyclpprppYlflaj-nopurine 

10 A mixture of di(2-propyl) 9-(R)-(2- 

phosphonomethoxypropyl) -2-amino-6-chloropurine (0.50 g, 
prepared according to Example 26) , cyclopropylamine (2.0 
ml) and ethanol (20 ml) is refluxed under exclusion of 
moisture for 12 h and evaporated in vacuo. The work-up of 

15 the reaction mixture, following reaction with bromo- 

trimethylsilane and isolation of the product is performed 
essentially as described in Example 34. Yield, 0.35 g (80 
%) of 9-(R)-(2-phosphonomethoxypropyl)-2-amino-6- 
cyclopropylaminopurine, m.p.l78-179 , C, [a] D «-23,5* 

20 (c-0.5, 0.1M HC1) . *H-NMR spectrum (D 2 0 + NaOD):1.21 

d(3H), J 3 , 2# - 6-1 CH 3 ; 3.56 dd(lH), J p#CH -9.8, J g -"- 9 

and 3.73 dd (1H) J m -9.8, J -12.9, P-CH„; 3.96 m, 2'- 

P,CH g 2 

CH; 4.06 dd(lH), 3^2*" 6 * 6 ' J and 4 »18 dd(lH) , 

J 1/2 ,=3.2, J g - 14.4 l'-CH 2 ; 7.87 s(lH), H-8; cyclopropyl: 

25 2.84 m(lH) CH; 0.70 m(2H) + 0.94 m(2H) CH, . C H NO P 

2 12 20 6 4 

(343.4) calc. C 41.97, H 5.87, N 24,48, P 9.04; found C 
41.76, H 6.05, N 24.77, P 9.21. 

Example 39 

30 9- fR) - ( 2-Phosphonomethoxvpropvll -2-amino-6- 
cvclopentvlaminopurine 

A mixture of di(2-propyl) 9-(R)-(2- 
phosphonomethoxypropyl) -2-amino-6-chloropurine (0.50 g, 
prepared according to Example 26), cyclopentylamine (2.0 

35 ml) and ethanol (20 ml) is refluxed under exclusion of 
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moisture for 12 h and evaporated in vacuo. The work-up of 
the reaction mixture, following reaction with bromo- 
trimethylsilane and isolation of the product is performed 
essentially as described in Example 34. Yield, 0.36 g (76 
5 %) of 9-(R)-(2-phosphonomethoxypropyl)-2-amino-6- 
cyclopentylaminopurine, m.p. 167-170»C, [o] D =-17,l° 
(c=0.5, 0.1M HC1) ^H-NMR spectrum (D^ + NaOD) : 1.17 
d(3H), J 3 , - 6.3, CH 3 ; 3.67 dd(lH) , J pcH «7.8, J g = 12.2 
and 3.56 dd (1H) J p ^"9*2, J^-12.2, P-CHy 3.97 br sext 

10 (IH), 2'-CH, EJ-29.1; 4.18 d(2H) , J^^-S.l, l'-CH ; 7.92 
s(lH), H-8; cyclopentyl: 4.33 m(lH) CH; 2.00 m (2H) + 
1.70 m(2H) CH 2 + 1.60m (2H) + 1.54m (2H) . C^H^H^P 
(371.4) calc. C 45.27, H 6.51, M 22,63, P 8.36; found C 
44.89, H 6.45, N 22.77, P 8.23. 

15 " 

Example 40 

9- f Rl - ( 2-Phosphonom ethoxvpropvl) -2-amino-6- 
evclohexvlaminopurine 

A mixture of di(2-propyl) 9-(R)-(2- 

20 phosphonomethoxypropyl)-2-amino-6-chloropurine (0.50 g, 
prepared according to Example 26), cyclohexylamine (2.0 
ml) and ethanol (20 ml) is ref luxed under exclusion of 
moisture for 10 h and evaporated in vacuo. The work-up of 
the reaction mixture, following reaction with bromo- 

25 trimethylsilane and isolation of the product is performed 
essentially as described in Example 34. Yield, 0.32 g (65 
*) of 9- (R) - (2-phosphonomethoxypropyl) -2-amino-6- 
cyclohexylaminopurine, m.p. 164-165°C, [a] D «-15,9* 
(c«0.5, 0.1M HCIJ.^H-NMR spectrum (D 2 <) + NaOD): 1.12 

30 d(3H), J 3 , - 6.3; 3.43 dd(lH) , J p tCa ss9 ' 2 ' J g «12.4 and 
3.52 dd (IH) J p ^9.3, J g =12.4, P-CHj ; 3.93 m, 2'-CH; 
4.10 dd(lH), Jj^j,- 5.6, J g =14.6 and 4.18 dd(lH), 
J , ,-4.4, J = 14.6 l'-CH 2 ; 7.92 s(lH), H-8; cyclohexyl: 
3.90 m(lH) CH; 1.15-1.42 m(5H) + 1.62 m(lH) +1.75 m(2H) 

35 + 1.95 m(2H) CH 2 . C 15 H 2 5 N 6 0 4 P ( 384 ' 4 > calc - C < 6 - 86 ' H 
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6.56, N 21,87, P 8.07; found C 46.44, H 6.85, M 22.07, 
P 8.21. 

Example 41 

5 9- (*) - ( 2-P hosphonomethoxvpropyl) -2-amino- 
6-pvrroli dinopurine 

A mixture of di(2-propyl) 9-(R)-(2- 
phosphonomethoxypropy 1 ) -2 -amino-6-chloropur ine (0.50 g , 
prepared according to Example 26), pyrrolidine (2.0 ml) 

10 and ethanol (20 ml) is refluxed under exclusion of 

moisture for 6 h and evaporated in vacuo. The work-up of 
the reaction mixture, following reaction with bromo- 
trimethylsilane and isolation of the product is performed 
essentially as described in Example 34. Yield, 0.35 g (78 

15 %) of 9-(R)-(2-phosphonomethoxypropyl)-2-amino-6- 

pyrrolidinopurine, m.p. 181-182°C, [o] D =-17,4» (c=0.5, 
0.1M HCIJ.S-NMR spectrum (D 2 0 + NaOD):1.21 d(3H) , 
J 3 , 2 ,« 6.1, CH 3 ; 3.57 dd(lH), J p>CH = 9 - 5 ' J g " 12 - 2 and 
3.65 dd (1H) J„ -9.5, J SB 12 . 2 , P-CH ; 3.98 br sext(lH) 

20 2'-CH; 4.18 d(2H), J^,"*^, 1 '- ca 2 ! ? * 85 S(1H) ' H ~ 8 '* 

pyrrolidin-l-yl: 3.41 br(2H) and 3.75 br(2H) N-CH 2 ; 

1.93br(2H) +2.00 br(2H) C-CI^. C 13 H 21 N 6 ° 4 P (356.4) calc. 

C 43.81, H 5.94, N 23,58, P 8.71; found C 43.45, H 6.17, 

N 23.87, P 8.82. 
25 ' ' V 

Example 42 

g- m> - 1 2-Phosphonomethoxypropvl) -2-amino-6 
-P iperidinopur ine 

A mixture of di(2-propyl) 9-(R)-(2- 

30 phosphonomethoxypropyl)-2-amino-6-chloropurine (0.50 g, 
prepared according to Example 26), piper idine (2.0 ml) 
and ethanol (20 ml) is refluxed under exclusion of 
moisture for 3 h and evaporated in vacuo. The work-up of 
the reaction mixture, following reaction with bromo- 

35 trimethylsilane and isolation of the product is performed 
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essentially as described in Example 34. Yield, 0.40 g (84 
%) of 9-(R)-(2-phosphonomethoxypropyl)-2-amino-6- 
piperidinopurine, m.p.l54-156«C, [a] D »- 0.8- (c-0.5, 0.1M 
HCIJ.VnMR spectrum (D 2 0 + NaOD):1.14 d(3H), J 3 , 2 ,= 

5 6.1, CH 3 ; 3.44 dd(lH), J p>CH - 9 - 0 ' J g =12 * 4 3 ' 5 ^ dd 

flH) J -9-3, J =12.4, P-CH ; 3.93 m(lH) 2'-CH; 4.09 

■ P CH CI • 

d(2H) J in2 - 6.1, J =14.4 and 4.17 dd(lH), J^-4.1, 

j =14.4 l'~CH 2 ; 7.88 s(lH), H-8; piperidin-l-yl: 3.95 br 

t?4H), J=5.4 N-CH 2 ; 1.60 m (4H)+1.69 m(2H) C-CH^. 

10 C H NOP (370.4) calc. C 45.40, H 6.26, N 22,69, P 

s!"36; 3 found C 45.68, H 5.94, N 22.46, P 8.41. 

Example 4? 

q- (p> - ( 2 -Phosphonop ftthoxvpropvl 1 -2 -amino- 

15 6-morpho ? inopurine 

A mixture of di(2-propyl) 9-(R)-(2- 
phosphonomethoxypropyl)-2-amino-6-chloropurine (0.50 g, 
prepared according to Example 26), morpholine (2.0 ml) 
and ethanol (20 ml) is refluxed under exclusion of 
20 moisture for 2 h and evaporated in vacuo. The work-up of 
the reaction mixture, following reaction with bromo- 
trimethylsilane and isolation of the product is performed 
essentially as described in Example 34. Yield, 0.45 g 
(94.5*) of 9-(R)-(2-phosphonomethoxypropyl)-2-amino-6- 
25 morpholinopurine, m.p.l60-162«C, [a] n -+7, 1' (c=0.5, 0.1M 
HC1). 1 H-NMR spectrum (D 2 0 + NaOD):1.15 d(3H) , J^, 2 ,= 
6.1; 3.50 dd(lH), J p ^.B, J g =12.9 and 3.68 dd (1H) 



J -9.3, J =12.9, P"CH 2 ; 3.90 m(lH) 2'-CH; 4.05 d(2H) 

j P,CH - 6.6, J =14.4 and 4.18 dd(lH), J =3.2, J =14.4 
u 1 »2 ' g x * " 



p,ch g 
r , / 6.6, J 

3 0 l'-CH ; 7.81 s(lH), H-8; morpholin-l-yl: 4.03 br t(4H), 

JM.5 2 N-CH 2 ; 3.80 br t(4H) C-CH 2 . C^H^NgOgP (372.3) 
calc. C 41.94, H 5.69,N 22,57, P 8.32; found C 42.03, H 
5.66, N 22.16, P 8.62. 



35 
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Example 44 

9-(R) -f 2-PhosphonoinethoxvproDvn -2-amino- 
e-benzylamjnPPViring 
5 A mixture of di( 2 -propyl) 9-(R)-(2- 

phosphonomethoxypropyl) -2-amino-6-chloropurine (0, 50 g, 
prepared according to Example 26), benzylamine (2.0 ml) 
and ethanol (20 ml) is refluxed under exclusion of 
moisture for 6 h and evaporated in vacuo. The work-up of 

10 the reaction mixture, following reaction with bromo- 

trimethylsilane and isolation of the product is performed 
essentially as described in Example 34* Yield, 0.45 g 
(90%) of 9- (R) - (2-phosphonomethoxypropyl) -2-amino-6- 
benzylaminopurine, m.p.lSS-ieo^C, [a] D »-4,9° (c=0.5, 0.1M 

15 HC1), 1 H-NMR spectrum (D 2 <3 + NaOD):1.13 d(3H) , J^, - 
5-9; 3.52 dd(lH) , J p ^^0.3, J =12,0 and 3*68 dd' (1H) 

J P cH =10 '°' J " 12 * 0 ' ' P " CH 2 ; 3 " 86 m(1H) 2/-CH ' 3 - 99 d ( 2H > 

J nuo/ = 5 - 6 ' J =14.4 and 4.09 dd(lH) , J ,-,—3.5, J -14.4 
z f 2 r g l r 2' g 

l'-CH 2 ; 7.77 s(lH), H-8; arom.protons: 7*22 m(5H) ; 4.58 

20 br s(2H) benzyl-CH 2 . C 16 H 21 N 6 0 4 P ( 392 - 3 > c* 1 ^ c H 
5.39, N 21,42, P 7.89; found C 49.16, H 5.37, N 21.23, P 
7.86. 



25 Example 45 

9-fS)-f2-PhorT>ionomethoxvpropvl)-8-azaauanine and 8-fSl- 
(2-Phosptioilg, oxvpropvl) -8-azaauanine 

A r ,ure of 8-azaguanine (3.5 g) , 
dimethylf ormaaide (35 ml) and dimethyl f ormamide 

30 dineopentyl acetal (15 ml) is heated at 80*C 16 h under 
exclusion of moisture. After cooling at room temperature, 
the precipitated product is filtered by suction, washed 
with ethanol and ether and dried in vacuo. Yield, 3.1 g 
(65%) N2-dimeth\ylaminomethylene-8-azaguanine, HPLC pure. 



35 
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The mixture of this compound (2.1 g, 10 mmol) , cesium 
carbonate (1.75 g, 5.4 mmol) and (S) -2-[ (di(2- 
propyl) phosphonylmethoxy ] -l-toluenesulf ony loxypropane in 
dimethyl formamide (40 ml) is stirred for 4 h at 100°C 
5 under exclusion of moisture. The mixture is filtered 
while hot, evaporated at 40*C/13 Pa and the residue 
treated with a mixture of methanol and cone. aqueous 
ammonia (1:1, 200 ml) overnight at ambient temperature. 
The solvents are evaporated in vacuo and the residue 

10 chromatographed on a column of silica gel (200 ml) in 
methanol-chloroform mixture (5:95). The fluorescent 
product (Rf»0.42, TLC in methanol-chloroform, 1:9, silica 
gel plate), amorphous foam, yield 0.9 g (23%) is dried in 
vacuo and treated with acetonitrile (25 ml) and 

15 bromotrimethylsilane (2.5 ml) overnight at room 

temperature. The work-up of the mixture is performed as 
described in Example 34. The product is isolated by ion 
exchange chromatography on Dowex 50 X 8 (H -form) and 
crystallized from water. Yield, 0.45 g. 

20 Further elution of the silica gel column 

affords the 9-isomer (Rf-0.36, TLC in methanol- 
chloroform, 1:9, silica gel plate) in the yield of .0.9 g 
(23*). Conversion by bromotrimethylsilane in acetonitrile 
(Example 34) gives after deionization and crystallization 

25 from water 9- (S) - ( 2-phosphonomethoxypropy 1) -8-azaguanine 
(0.50 g, HPLC pure) . 

i . 

Example 4$ 

g-rm- ( 2-PhosphonowethoxvT pT-opvl^ -8-azaouanl ne . 8- f E) - (2- 
30 Phosphono m ethoxvpropY^-a-azacruanine and 7-fEW2-Phps- 

phonomethoxvpropvl) -B-a?aquanine 

The reaction is performed essentially as 

described - for the (S) -enantiomers in Example 44. After 

the worlc-up of the condensation mixture with aqueous 
35 methanolic ammonia the crude mixture of bis (2 -propyl- 
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1) esters is applied onto a column of Dowex 50 X 8 (H+ 

form) (150 ml) and the column eluted with 20% aqueous met- 
hanol. The UV-absorbing fraction is taken down in vacuo 
and dried affording the 9-isomer as an amorphous foam. 
The residue is treated with acetonitrile (30 ml) said 
bromotrimethylsilane (3 ml) overnight, evaporated in 
vacuo, the residue dissolved in 2*5% ammonia and reeva- 
porated in vacuo. This residue is applied onto a column 
(100 ml) Dowex 1X2 (acetate form) and washed with water 
(1 1) and with 1 M acetic acid (500 ml). The eluates are 
discarded and the resin extracted on filter with boiling 
water (500 ml). This eluate is evaporated in vacuo and 
the residue crystallized from water (poorly soluble) to 
afford the 9-(R)-isomer (0.50 g) . For C 8 H 13 N 6 ° 5 P (304,2) 
calculated: 31,59% C, 4.31* H, 27.62%N, 10.18%P; found 
32,10%C, 4.35% H, 27.44% N, 10.30% P. 

Further elution of Dowex 50 column with 2,5% 
aqueous ammonia gives an UV-absorbing fraction which is 
evaporated in vacuo, dried and treated with acetonitrile 
(20 ml) and bromotrimethylsilane (2 ml) . The reaction 
mixture is evaporated and the residue dissolved by the 
addition of 5% aqueous ammonia ( 100 ml) , and the mixture 
is deionized on a column (100 ml) Dowex 50 X 8 (H + -f orm) . 
The ammonia eluate affords gel forming mixture which is 
dissolved in water by addition of ammonia and applied 
onto a column of Sephadex A-25 (150 ml) in 0.02 K 
triethylammonium hydrogen carbonate. The column is eluted 
with a linear gradient of the same buffer (0.02-0.20 M, 1 
1 each) to give the main fraction consisting of the 
mixture of the 7- and 8-isomer (E^ 0.92, fluorescent 
spot). The residue after codistillat ion with methane! is 
applied onto a column (20 ml) Dowex 1X2 (acetate), the 
column washed with water (100 ml) and the product eluted 
with 1 M acetic acid. After evaporation in vacuo, 
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codist illation with water and trituration with ethanol 
the product is filtered, washed with ethanol and ether, 
and dried to afford 0.50 g of the mixture of 7-isomer 
and 8-isomer in the ratio 1:4 (by 13 ONMR) . The 7- and 8- 
5 regidisomers were separated by chromatography on DEAE 
Sephadex A25, using elution by a 0.02 to 0.2 molar 
gradient of aqueous triethyl ammonium hydrocarbonate at pH 
7.5. For C 8 H 13 N 6 ° 5 P ( 304 * 2 ) calculated: 31,59% C, 4.31* 
H, 27.62%N, 10.18%P; found 32,10%C, 4.35% H, 27.44% N, 
10 10.30% P. ^H-NMR (D 2 0 + NaOD) : 8-Isomer: 4.65 2xdd, 2H 

(J l'2'~ 5 * 4 ' J i«2'" 5-1,J g = 14 * 0) 1 '^ CH 2 ; 4 * 17 br sext ' 1H 

(J=29.5) 2'-CH; 3.52 dd, 1H (J pcH m 9.7, J - 12.2) + 

3.47 dd, 1H ( J pcH =9 - 0 ' J g " 12 - 2 ) P-CH 2 ; 1-18 d * 3H 
(J 3 , 2 ,=6.3); 7-Isomer 4.76 2xdd, 2H (J^,- J 1M2 ,*5.2, 
15 J ■ - 14.0) l'-CH 2 ; 4.13 br sext, 1H (J-29.5) 2'-CH; 3.50 
m, P-CH 2 ; 1.16 d, 3H (J 3 , 2 ,"6-3). 



9- (R) - ( 2-Phosphonomethoxvpropvl) -8-aza-2 . 6-diaminopurine 
20 jz f R) - f 2-ph9gph<?ngffigthQXYT?r9l?Yl) 

A suspension of 8-aza-2, 6-diaminopurine 
hemisulfate (25 mmol) in water (100 ml) is stirred under 
addition of Dowex 50 X 8 (H + -form) until dissolution, the 

25 suspension was poured onto a column of the same cation 
exchanger (100 ml) and the column is washed with water 
until neutral. The resin is then suspended in water (200 
ml) and treated with aqueous ammonia until alkaline, 
filtered and washed with boiling water (total, 1 1). The 

30 filtrate and washings are taken to dryness in vacuo, the 
residue codistilled with ethanol (2x50 ml) and the 
obtained free 8-aza~2, 6-diaminopurine filtered from 
ether, washed with the same solvent and dried over 
phosphorus pentoxide in vacuo. 

35 
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A suspension of this compound (3.02 g, 20 mmol) 
and cesium carbonate (3,3 g, 10 mmol) in 
dimethylformamide (60 ml) is heated at 100 °C for 1 h and 
a solution of (R)-2-{ (di(2-propyl)phosphonylmethoxy]-l- 
5 toluenesulfonyloxypropane (8.6 g, 21 mmol) in di- 
methylformamide (30 ml) is added over 15 min under 
stirring. The heating and stirring is then continued for 
additional 16 h, the mixture stripped of the solvent in 
vacuo and the residue extracted with boiling chloroform 
10 (total, 300 ml). The extract is chromatographed on a 

column (250 ml) silica gel in chloroform and the column 
eluted with chlorof orm-methanol mixture (95:5). The 
elution affords di(2-propyl) 9-(R)-(2- 

phosphonomethoxypropyl)-8-aza-2,6-diaminopurine (R p 0.70, 
15 TLC on silica gel, chloroform- methanol, 4:1) which after 
evaporation of the relevant fractions and crystallization 
from ethyl acetate - petroleum ether gives 1.75 g (22.5%) 
of a crystalline material, m.p. 12O-122 0 C, [<*] D ~ -4.7° 
(c=0,5, 0.1MHC1). For C 14 H 26 N 7 °4 P (387.5) calculated: C 
20 43,40, H 6.76, N 25,31, P 8.01; found C 43.07, H 6.80, N 
25,21 and 8.02% P. NMR- Spectrum: 1.10+1. 12+1. 14+1. 16 -1. 17, 
5 x d (3H each), J= 6.1), CH 3 ; 4.11 pent d (ZJ-29.5) 2'- 

CH; 4.28 2xdd, 1H (Jjmj,- 4 - 90 * J g " 14 - 4 ) l ' '-CHjf 4 - 34 
dd,lH (J 1#2# -7,l, 2'-CH; 3.65 dd, 1H (J pcH = 

2$/ :, 9;0/ ^ • «12*7)+3.7<. K dd^ iH' J - 12.7) P-CHj ; 

4.43 dq (1H) (J-6.1) + 4.47 (J-6.3, Jp^^ 7 • 8 ) P~OCH; 
7.35 + 7.70, 2xbr (2xlH) 6.37 brs (2H) NH^ . 

This product is treated with acetonitrile (25 
ml) and bromotrimethylsilane (2.5 ml) overnight at room 

30 temperature and the solution evaporated in vacuo. Water 
(50 ml) is added, the mixture alkalized by addition of 
cone, aqueous ammonia and the solution evaporated. 
Further work-up and purification is performed essentially 
as described in Example 17. Yield, 0.90 g (65.5%) 9-(R)- 

3 5 ( 2-phosphonomethoxypropy 1) -2 , 6-diamino-8-azaadenine , m.p. 
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238-242 °C, [o] D »+5,6°(c-0.5 / 0.1M HC1) . ^"H-NMR spectrum 
(D 2 0 + NaOD) : 1.17 d(3H),(J 3 -6.3) CH 3 ; 3.50 dd(lH), 

J P t CE" 9 ' 1§ J g " 12 * 2 and 3 ' 59 dd ( 1H > J p,CH* 9 * 3 ' J g* 12 * 2 ' p - 
Ol' 2 ; 4.08 m, ZJ « 30.0 2'-CH; 4.45 dd(lH) , J 1W2 ,=5.4, 

J =14.9 and 4.49 dd(lH), J, ,,.=5.6, J - 14.9 l'-CH.. For 
g 1*2' g 2 

C 8 H 14 N 7°4 P < 305,3) calc - c 31.47, H 4.62, N 32,12, P 
10.17? found C 31.71, H 5.02, M 31.88, P 9.96. 
E U ^ ) (PH7.5)=0.85. 

Further elution of the silica gel column gives 
1.40 g (18%) of di(2-propyl) 8-(R)-(2- 

phosphonomethoxypropyl) -8-aza-2 , 6-diaminopurine (R^o. 50 , 

TLC on silica gel, chlorof orm-methanol , 4:1), m.p.148- 

150 P C (ethyl acetate-petroleum ether) , [a] D =-43,7 o (c-0,5, 

0.1M HC1) . For C^^XOP (387.5) calculated: C 43,40, H 

14 26 7 4 

6.76, N 25,31, P 8.01; found C 43.15, H 6.75, N 25,16 and 
7.96% P. NMR-Spectrum: 1.10+1. 11+1. 14+1. 16+1. 18, 5 x d (3H 
each) , J= 6.1) CH 3 ; 4.17 pent d (2J=31.0) 2'-CH; 4.50 dd, 

1H (J,*,, 3 * 6 ' 60 ' J „ *= 13.9) + 
20 12 9 

4.53 dd, 1H (J 1/2/ »5.4, J g =13.9) l'-CH 2 ; 4.47+4.43 2xdq, 

2H (Jp.ocu* 7 * 6 ' JCH,CH 3 «6.1) P-OCH; 3.63 dd, 1H 
(J pcH »9.0, J g -12.7) + 3.75 dd, 1H (J pcH =9-5, J g =12.7) P- 
CH 2 ; 7.50 + 6.08, 2xbr (2x2H) NH 2 . The reaction with 
bromotrimethylsilane is performed essentially as 
described for the 9-isbmer; yield, 0.80 g (72.5%) 8-(R)- 
( 2-phosphonomethoxypropy 1) -8-aza-2 , 6-diaminopurine , m. p . 
238-240°C, [a] D =-23,5* (c=0.5, 0.1MHC1). ^"H-NMR spectrum 
(D 2 0+NaOD): 1.21 d(3H),(J 3 , 2 ,=6.3) CS^; 3.50 dd(lH) , 
j p ch-9-2/ J g * 12 - 2 and 3.58'dd(lH){J pcH -9.4, J g -12.2) P- 
CH 2 ; 4.17 m, SJ = 29.3 2'-CH; 4.70 d(2H) , J 1/2 ,=5.2) 1'- 
CH 2 . For C g H 14 N ? 0 4 P (305.3) calc. C 31.47, H 4.62, N 
32,12, P 10.17; found C 30.74, H 4.55, N 29.90, P 10.16. 
E Up (pH7.5)=0.85. 

35 ... 
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Example 48 

9- (R) - ( 2-PhQSPhonomethoxvDropvl) -6-mercaptopu r ing 

Sodium hydride (0.40 g, 60% dispersion in 
5 paraffin, 10 mmol) is added to a solution of 6- 

chloropurine (1,55 g, 10 mmol) in dimethylf ormamide (25 
ml) and the mixture stirred for 1 h at ambient 
temperature. A solution of (R) -2-[ (di (2-propyl) phospho- 
nylmethoxy]-l-toluenesulfonyloxypropane (6.5 g, 15.9 

10 mmol) in dimethylf ormamide (50 ml) is added and the 
mixture stirred at 60°C for 8 h. The mixture is then 
stripped off the solvent in vacuo and the residue 
extracted with hot chloroform (total, 250 ml) . The 
extract is then evaporated in vacuo and the residue 

15 chromatographed on a column (250 ml) of silica gel in 

chloroform. The product is eluted with chlorof om-methanol 
(95:5) and the relevant fractions containing product were 
evaporated to dryness. Yield, 2*35 g (60%) of the oily 
di (2-propyl) 8- (R) - (2-phosphonomethoxypropyl) -6- 

20 chloropurine (R F 0.70 f TLC on silica gel, chlorof orm- 

methanol, 4:1), m.p.l48-150*C (ethyl acetate-petroleum 
ether), [a] D «- 43,7* (c~0,5, Q.1H HC1) • For c 15 H 24 clN 4 ° 4 p 
(390.9): Mass spectrum: 3 91 (M + * , 348 (M-iPr) , 306 (M- 
2xiPr) ; NMR-Spectrum: 1.05 d (3H), J= 6,1) CH 3 ; 4.02 pent 

25 d (SJ-28.9) 2'-CH; 4.30 dd, 1H 00, J - 

14.3)+4.45 dd, 1H (J 1#2 ,~3.6, J -14.3) l'-CH 2 ; 4.49 m, 2H 

{J P-OCH SS7 * 6) P " OCH '* 3 - 68 dd ' 1H (J pch" 9 ' 8# J g sl3 - 7 > + 

3.82 dd, 1H(J -9.2, J *13.7) P-CH ; 1.12+1.13+1.33 

PCn g 2 

(3xd, 4X3H), J-6.1, J=6.3) CH 3 (2-propyl); 8.61+8.77, 

30 2xs, 2H, H-2 + H-8. 

This product is treated with thiourea (2 g) in 
ethanol at reflux for 1 h, the solution is alkalized with 
tr ie thy 1 amine, taken dcvn to dryness and the residue 
extracted with chloroform (200 ml) . The extract is 

35 evaporated in vacuo and the residue (R 0.63, TLC on 
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silica gel, chlorof orm-methanol, 4:1) dried in vacuo, 
Acetonitrile (40 ml) and bromotrimethylsilane (4 ml) is 
added and the mixture stirred till dissolution. The 
mixture is left to stand overnight at room temperature, 
5 taken down to dryness in vacuo and dissolved in water 
(100ml) by alkalization with cone, aqueous ammonia. The 
alkaline solution is then evaporated in vacuo and the 
residue in water (20 ml) (alkalized by ammonia) is applied 
onto a column (150 ml) Sephadex A-25 equilibrated with 

10 0.05 M triethylammonium hydrogen carbonate (pH 7.5). The 
column is eluted with the same buffer until the 
absorption of the eluate drops to the original value and 
then with linear gradient (0.02M-0.2M triethylammonium 
hydrogen carbonate (pH 7.5) (11 each). The main UV 

15 absorbing fraction is taken down to dryness and codis- 
tilled with methanol (5x50 ml) in vacuo. The residue is 
applied in 10 ml water on a column (50 ml) Dowex 1X2 
(acetate form) , the column washed with water and the 
ionex stirred in 10% aqueous formic acid (200 ml) for 15 

20 min. The suspension is filtered and the resin washed 

repeatedly with boiling water (total, 1 1). The filtrates 
gaffords on concentration in vacuo and recrystallization 
from water 9-(R)-(2-phosphonomethoxypropyl)-6-thiopurine 
(0,90 g, 49%), m.p.l56-158*C, [a] D — 1.7- . (c-0.5 f 0.1HC1). 

25 ^H-NMR-Spectrum (D 2 0+NaOD) : 1.25 d(3H),(J 3 , 2 ,=5.4) CH 3 ; 

3.57 dd(lH), J p ch" 9 * 5 ' J g =12 ' 2 ^ 3 - 79 dd§ ^ ia ) 

(J -9.5, J «12.2) P-OI ; 4.02 m 2'-CH; 4.31 
1 P,CH g 2 

d(2H) (J^,- 6.8) + 4.52 d, 2H (J 1#2 ,<2.0, J g -14.4) 1'- 
CH 2 ; 8.35 +8.72, 2XS (2H) H-2+H-8. For C 9 H 13 N 4 0 4 PS 
30 (304.0) calc. C 35.52, H 4.31, N 18,42, P 10.19, S 10.50; 
found C 35.34, H 4.70, N 18.26, P 10.76. 
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focample 4? 

9- (R) - f 2-PhosphonomethoxvproDVl ) -Nl , N6-ethenoadeni 
A solution of 9-(R)-(2~ 
5 phosphonomethoxypropyl) adenine (0.40 g) in 1M 

chloroacetaldehyde solution in water (20 ml) is incubated 
at 37 °C for 48 h and evaporated in vacuo. The residue in 
water (10 ml) is applied on a column (250 ml) 
octadecylsilica gel (20-30/i) and washed with water 

10 ( 3ml / min) . . The fractions (20 ml) are analyzed by HPLC in 
0.05 M triethylammonium hydrogen carbonate pH 7.5 and the 
appropriate fractions pooled and taken down in vacuo* The 
product is triturated with ethanol and filtered. Yield, 
0.35 g (80%), m.p.l80-182*C, [a] D «-25, 6° (c«0. 5, 0.1M 

15 HCl). For C H 4 N 5 0 P (311.3) calc. C 42.44, H 4.53, N 
22,50, P 9.97; found C 42.30, H 4.75, N 22.24, P 10.25. 

Eaaaals 5fi 

Evaluation against human immunodeficiency virus (HIV1 and 
2 0 Moloney murine sarcoma virus (KSV) in vitro 

The activity of the compounds against HIV-1 and 
HIV- 2 induced cytopathicity was examined in human 
lymphocyte MT-4 cells. The cells (250 000 cells/ml) were 
infected with 100 CCID 5Q (1 CCID 5Q is a virus quantity 
25 which causes cytopathicity effect in 50% of the cells 

under the experimental conditions) of HIV-1 or HIV- 2 and 
added to 200 /xl-wells of a microtiter plate containing 
different dilutions of the test compounds. The infected 
cell cultures were then incubated at 37 °C for 5 days in a 
30 humidified C0 2 -control led incubator. Then, the 

cytopathicity of the virus was examined by determination 
of MT-4 cell viability by trypan blue dye staining. 
The results are summarized in Table 1 in comparison with 
the data on the prototype compounds. 
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Also shown in Table 1 are results of testing 
the activity of the compounds against MSV-induced 
transformation in murine embryo fibroblast C3H/3T3 cells. 
The cells were seeded in l-ml -wells of a 48-well 
5 microtiter plate and exposed to 80 PFU (plague forming 
units) for 60 - 90 minutes. Then, the virus was removed 
and culture medium containing appropriate concentrations 
of the test compounds were added (1 ml per well). At day 
6 post infection, MSV-induced transformation of the cell 
10 culture was examined microscopically. The results are 
summarized in Table 1 in comparison with the data oh the 
prototype compounds. 
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CQnclttgjons: 

(1) Most of the resolved compounds of the 
Formula I examined showed marked anti-HIV activity in 
vitro . HIV-1 and HIV-2 did not differ in their 

5 sensitivity to the test compounds. 

(2) (R)-PMPA was markedly inhibitory to 
retrovirus replication at 1 - 2 fig/ml and non-toxic to 
the cells at 100 mg/ml. Its selectivity index (ratio 
cytotoxic dose/ ant ivir ally active dose) proved superior 

10 over that of the prototype compound PMEA. The (S)- 

enantiomer of PMEA was devoid of marked antiretroviral 
activity. 

(3) (R)-PHPDAP was exquisitely inhibitory to 
retrovirus replication (EC 5Q 0.01-0.1 Mg/ml) and non- 
15 toxic to the cells at 100 j*g/ul« It proved superior over 

PMEA and other prototype compounds in terms of both 
antiviral activity and lack of toxicity. Its selectivity 
index was > 2 000 for HIV-1 and HIV-2. 

20 Eaaamls 51 

Treatment o f Moloney murine sarcoma virus (MSV) infection 
in mice bv intraperitoneal administration 

Two gram newborn NMRI mice were injected 
intramuscularly in the left hind leg with 50 /il of 250- 
25 fold~ diluted stock preparation of Moloney murine sarcoma 
virus. Starting 2-4 hours before virus infection, each 
animal was injected intraperitoneally in groups of 10 
with a single dose of test compound with 50, 20 or 10 
mg/kg of the resolved compounds of the Formula I or 
3 0 prototype compounds (for abbreviations, see Footnote to 
Table 1); compounds (R)-PMPA and (R)-PMPDAP were 
administered also at the dose of 5 and 2 mg/kg. Another 
group of mice (20 animals) was administered RPMI-1640 
medium as placebo. All compounds were solubilized in 
35 RPMI-1640 medium. The mice were observed daily for 20 
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days and the day of tumor initiation and the day of 
animal death was recorded for each animal. Statistical 
analyses were performed by calculating the standard 
deviation. The summarized results are shown in the Table 
5 2. 
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While (S) -enantiomer of PMPA (and FPMPA) has no 
marked ant iretro viral activity in vivo at the dose of 50 
mg/kg, (R)-PMPA, (R)- PMPDAP proved highly effective in 
inhibiting tumor initiation and prolonging the life-span 
5 of MSV-infected mice, A single (R)-PMPA dose of 50 mg/kg 
afforded full protection against MSV- induced tumor 
development. At lower doses, this compound proved 
superior over (S) -FPMPA in postponing the day of tumor 
initiation and the mean day of animal death. A 'single 

10 (R) -PMPDAP dose of 10-20 mg/kg gave virtually full 

protection of the animals (90-95%) against MSV-induced 
tumor development; at a dose of 2 mg/kg, significant 
prevention of tumor formation (in 36* of the animals) and 
70% long time survivors were observed. 

15 Conclusion: 

(1) (R)-PMPA proved markedly effective in 
increasing the mean day of tumor initiation and animal 
death at the single dose of 10-50 mg/kg. It is superior 
in these assays over the prototype compound PMEA. 

20 (2) (R) -PMPDAP was one of the most active anti- 

MSV compound of the series examined in vivo , it proved 
five-fold superior over (R)-PMPA. It contrasts to the 
FPMP-series where the adenine derivative is more active 
in the assays than the diaminopurine counterpart. 

25 (3) The in vivo activity of the compounds of 

the Formula I are in agreement with their antiviral 
activities against HIV and MSV in vitro . 

Example 53 

30 Treatment of Moloney murine sarcoma virus (MSV) infection 
in mice bv oral administration 

Three-week-old NMRI mice (about 10 grams body 
weight) were injected intramuscularly in the left hind 
leg with 50 Ml of 20-fold diluted stock preparation of 

35 Moloney murine sarcoma virus. Starting 2-4 hours before 
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virus infection, six animals received an orally 
administered test compound twice a day at 100 mg/kg (total 
dose) daily for five subsequent days. The control 
(placebo) group consisted of 14 animals. The experiment 
was evaluated as described in Example 35. The summarized 
results are given in Table 3. 

Table 3 



compound 



Number of 
nice 



Mean day of 
tumor 

initiation 



(R) -PMPDAP 6 
Placebo (control) 14 



7.5 ± 1.0 
5.0 ± 0.0 



') 



Number of 
mice 

developing 
tumor (k) 

67 
100 



p< 0.005 (two-sided Student's t-test) . 



At the dose of 100 mg/kg/day, (R) -PMPDAP 
20 increased the mean day of tumor initiation by 50%; only 
67% of the mice developed a tumor. 



25 



30 



35 



WO 94/03467 



PCT/US93/07360 



10 



15 



20 



25 



30 



-83- 

Claims 

A compound of the formula: 



CH,B 
I 

H-C-OCHjPfO) (OR) 2 ( IA) 

CH 3 



CHjB 



35 



{OR) 2 (0)PCH20-C-H (IB) 

CH 3 



including salts of said compounds, wherein said compound 
of Formula IA or IB is substantially free of its 
enantiomer and wherein B is a substituted or 
unsubstituted purine or pyrimidine moiety or an aza 
and/ or deaza analog thereof, and wherein B is other than 
guanine and wherein R is independently H, alkyl (l-SC) , 
aryl or aralkyl. 

2 . The compound of claim 1 wherein R is H and 
B is a purine moiety selected from the group consisting 
of adenine , : 2 , 6-diaminopur ine , 2 -aminopur ine , 
hypoxanthine, and xanthine, and their 1 -deaza, 3 -deaza 
and 8 -aza analogs, either unsubstituted or derivatives of 
purine or said analogs substituted at position 2 and/or 6 
and/or 8 by amino, halogen, hydroxy, aUcoxy, alkylamino, 
dialkylamino, aralkyl amino, heteroaralkylamino, 
heterocyclic amino, hydroxy amino , alkoxyamino, hydrazino, 
azido, mercapto or alkylthio, wherein said derivative is 
other than guanine. 

3* The compound of claim 1 wherein R is H and 
B is a pyrimidine selected from the group consisting of 
cytosine, uracil, thymine and 5-methylcytosine and their 
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6-aza analogs, either unsubstituted or substituted at any 
exocyclic amino group in position 4 by alkyl, aralkyl, 
hydroxy or amino. 

5 4. The compound of claim 2 of formula IA 

wherein B is adenine, 2 , 6-diaminopurine, 2-aminopurine, 
8-bromoadenine, 6-mercaptopurine, 6-thioguanine, 2- 
methylthioadenine, 3-deazaadenine, 8-azaadenine, 
8-azaguanine, l-deazaadenine or 8-aza-2, 6-diaminopurine. 

10 

5. The compound of claim 2 of Formula IB 
wherein B is adenine, 2, 6-diaminopurine, 2-aminopurine, 
8-bromoadenine, 6-mercaptopurine, 6-thioguanine, 2- 
methylthioadenine , 3-deazaadenine, 8-azaadenine, 

15 8-azaguanine, l-deazaadenine or 8-aza-2, 6-diaminopurine. 

6. The compound of claim 4 wherein B is 
adenine, 8-azaguanine or 2,6-diaminopurine. 

20 7. A compound of claim 5 wherein B is adenine, 

8-azaguanine or 2, 6-diaminopurine. 

8. A compound of claim 6 wherein B is 
2 , 6-diaminopurine. 

25 • ' • ' : " - ■ ■ \ 

9. A compound of claim 7 wherein B is 
8-azaguanine. 

10. A compound of claim 3 of Formula IA 

3 0 wherein B is cytosine, thymine, uracil, 5-methylcytosine, 
6-azauracil or 6-azacytosine. 



11. A compound of claim 3 of Formula IB 
wherein B is cytosine, thymine, uracil, 5-methylcytosine, 
6-azauracil or 6-azacytosine. 
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12. A method to prepare a compound of the 



CHjB 

H-C-OCH 2 P(0) (OH), (IA) 



CHj 



or 



CHjB 

10 | 

(OH) 2 (0)PCH 2 0-C-H (IB) 

CH 3 

wherein B is as defined in claim 1, which method 
15 comprises hydrolyzing a compound of the formula 

CH,B 

H-C-OCHjP(O) (OR) 2 (VIIA) 
CH 3 



or 



CHjB 

(ORMOJPCHjO-C-H (VIIB) 

wherein R is independently alky 1 ( 1-6C) , aryl or aralkyl 
by treating with a halotrialkylsilane in a polar aprotic 
solvent medium. 

30 13. The method of claim 12 wherein both R are 

2 -propyl. 

14. The method of claim 12 wherein the 
compound of Formula VIIA or VTIB is prepared by a process 
35 which comprises deprotecting a compound of the formula: 
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20 



CHjB' 

H-C-OCH,P(0) (OR) J (VIA) 



CH, 

5 or 

CHjB' 

(OR) 2 (0)PCH20-C-H (VIB) 

CH, 

10 wherein B' is a protected form of B as defined herein 

by treating said compounds of formula VIA or VIB with at 
least one deprotecting reagent. 

15. The method of Claim 14 wherein said 
15 compound of formula VIA or VIB is prepared by a process 
which comprises reacting a compound of the formula: 

CB^B' 

H-C-OH (VA) 



I 

CH, 



or 



CH 2 B' 

HO-C-H (VB) 

25 "" .'-. ? :.7 ."•'■/■;■.•■> CH, 

wherein B' is a protected form of B as herein defined 
with a compound of the formula 

LvOCHjP (O) (OR) 2 (IV) 
wherein LvO is a leaving group , and each R independently 
30 is allcyl (1-6C) , 

under conditions wherein said compounds of 
formulas V and IV react to form said compounds of formula 
VIA or VIB. 



35 
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16. The method of claim 15 wherein Lvo is a 
p-toluenesulfonyloxy (TsO) group. 

17. The method of claim 12 wherein the 
compound of Formula VILA or VIIB is prepared by 
alkylating purine or pyrimidine moiety B as defined in 
claim 1 in the presence of alkali metal hydride or 
carbonate with an (R)- or (S) -2-O-dialkylphosphonyl- 
methyl compound of the formula: 



10 



LvOCH-CH-CH-. 
2, 3 



OCH 2 P(0) (OR) 2 (XVII) 

wherein LvO is a leaving group and R is independently 
15 alkyl(l-6C), aryl or aralkyl. 

18. The method of claim 17 where said alkali 
carbonate is cesium carbonate* 

20 19. The method of claim 17 wherein LvO is a 

p-toluenesulfonyloxy (TsO) group. 

20. A method to synthesize the compounds of 
claim 1 which comprises protecting (R) - or (S)- N-(2-r 
25 " : hydroxypropyl) derivatives of purine or pyrimidine bases 
of the formula II 

B-CHjCH-CHj 

OH (II) 
wherein B is as defined in claim 1 to obtain the base- 

30 

protected derivative of the formula III 

B'-CHzCH-CH, 

OH (III) 
in which the residue B' stands for the residue of a base 
35 B substituted with at least one N-acetyl, N-benzoyl, H- 
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pivaloyl, N-dimethylaminomethylene, N-trityl or N- 
tetrahydropyranyl group; 

followed by treating said compound of formula 

III with dialkyl p-toluenesulf onyloxymethylphosphonate 
and sodium hydride in an inert aprotic solvent at a 
temperature of from -20°C to 100 C C to obtain an 
intermediate of the formula IV 

B'-CH 2 CH-CHj 

OO^PfOMOR), (IV) 
wherein each R independently is alkyl (1-6C) , aryl or 
ar alky 1 followed by reacting said intermediate of formula 

IV with a halotrimethylsilane in an inert aprotic 
solvent. 



10 



15 



20 



25 



30 



21. The method of claim 20 wherein said 
halotrimethylsilane is bromotrimethylsilane. 

22. The method of claim 21 wherein said inert 
aprotic solvent is acetonitrile, dimethylformamide, or a 
chlorinated hydrocarbon* 

23. A method to prepare a compound of ciaim 1 
which comprises treating a heterocyclic purine or 
pyrimidine base B in the presence of alkali metal hydride 
or alkali carbonate in a inert organic solvent with (R) - 
or (S) -2-O-dialkylphosphonylmethyl-l-O-p-toluenesulf onyl- 
1,2 -propanediol of the formula XVI 

CH 3 CASO20CH 2 CH-CH 3 

OCH 2 P(0) (0R) 2 (XVI) 
wherein each R independently is alkyl (1-6C) , aryl or 
aralkyl to obtain the (R) - or 

(S)-N-(2-dialkylphosphonylmethoxypropyl) derivative of 
the formula VI 



35 
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B-CH 2 CH-CH, 

OCH 2 P(0) (OR) 2 (VI) 
followed by treating said derivative of formula VI with a 
halotrimethylsilane in an inert aprotic solvent. 

5 

24. The method of claim 23 wherein the alkali 
carbonate is ces lum carbonate 

25. The method of claim 23 wherein the inert 
10 aprotic solvent is acetonitrile, dimethylf ormamide or a 

halogenated hydrocarbon. 

26. The method of claim 23 wherein the 
halotrimethylsilane is bromotrimethylsilane. 

27. A compound of the formula: 

■ * 
H< XH-CH, 
I 

as a racemate or as the en- iched or resolved enantiomers* 
28* A compound of the formula: 

25 

LVO-CH-CH3 

ZX 

30 wherein LvO is a leaving group , 

as a racemate or as the enriched or resolved 
enant iomers • 
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29. A compound of the formula: 
* 

B-CH-CHj 



II 

wherein B is as defined in claim 1 or is a protected form 
thereof, 

as a racemate or as the enriched or resolved 
10 enantiomers. 

30 • A compound of the formula: 
* 

B-CHXH-CHj 
I 

OH 
III 

wherein B is as defined in claim 1 or is a protected form 
thereof, 

as a racemate or as the enriched or resolved 
enantiomers* 



31. A compound of the formula: 
* 

25 O^-CH-CHiOCHaCA 



as 



a racemate or as the enriched or resolved enantiomers 



30 
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32. A compound of the formula: 

* - 

CHj-CH-CHjOOkCtH, 
OH 

5 

nil 

as a racemate or as the enriched or resolved enantiomers 
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15 



20 



25 



30 



33. A compound of the formula: > 

* 

CH 3 -CH-CHiOCH 2 C ( H i 
OCHjCl 
XIV 

as a racemate or as the enriched or resolved enantiomers 

34. A compound of the formula: 

* 

CHj-CH-CHjOCf^CaHs 
OCBjPtO) (OR) j 
XV 

wherein R is independently aUcyl(l-6C) , aryl or aralkyl 
as a racemate or as the enriched or resolved 
enantiomers. 

35. A compound of the formula: 

* 

CHs-CH-CHjOH 

OCHjPfO) (OR), 



wherein R is alkyl ( 1-6C) , aryl or aralkyl 

as a racemate or as the enriched or resolved 
enantiomers . 
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36. A compound of the formula: 

* 

CH 3 -CH-CH 2 OLv 



10 



15 



20 



25 



30 



OCH 2 P(0) (0R) 2 
XVII 

wherein LvO is a leaving group and R is independently 
alkyl(l-6C), aryl or aralkyl 

as a racemate or as the enriched or resolved 
enantiomers. 

37. A pharmaceutical composition for 
antiretroviral use comprising an effective antiviral 
amount of a compound of claims 2 or 3 in admixture with a 
pharmaceutically acceptable carrier. 

38. The pharmaceutical composition of claim 37 
wherein the antiviral compound is 9-(R)-(2- 
phosphonomethoxypropyl) adenine. 

39. A pharmaceutical composition of claim 37 
wherein the antiviral compound is 9-(R)-(2- 
phosphonomethoxypropyl) -2 , 6-diaminopurine. 

40. A method of achieving an antiviral effect 
in a mammal in need of such treatment which comprises 
administering to said mammal an antivirally effective 
amount of a compound of claims 2 or 3. 

41. The method of claim 40 wherein the 
antiviral compound is 9-(R)-(2-phosphonomethoxypropyl) 
adenine. 
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42. The method of claim 40 wherein the 
antiviral compound is 9- (R) - ( 2-phosphonomethoxypropyl) - 
2 , 6-diaminopur ine . 

5 43. The compound of claim 2 wherein the 

heterocyclic amino group comprises an oxygen heteroatom. 

44. The compound of claim 2 wherein the 
heterocyclic amino group is saturated. 

10 

45 . 9- (R) - (2-Phosphonomethoxypropyl) -2-amino- 
6-dimethy laminopur ine . 

4 6. 9- (R) - ( 2 -Phosphonomethoxypropy 1 ) -2 -amino- 
15 6 -diethy laminopur ine. 

47 . 9- (R) - (2-Phosphonomethoxypropyl) -2-amino- 
6 -buty laminopur ine . 

20 48. 9 - ( R) - ( 2 -Phosphonomethoxypropy 1 ) -2 -amino- 

6-(2-butyl) aminopurine. 

49. 9- (R)-( 2-Phosphonomethoxypropyl) -2-amino- 
6-cyclopropylaminopurine. 



50. 9- (R)- (2-Phosphonomethoxypropyl) -2-amino- 
6-cyclopenty laminopur ine . 

51 . 9- (R) - ( 2-Phosphonomethoxypropyl) -2-amino- 
3 0 6-cyclohexylaminopurine . 

52 . 9- (R) - (2-Phosphonomethoxypropyl) -2-amino- 
6-pyrrolidinopurine . 
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53 . 9- (R) - ( 2-Phosphonomethoxypropyl) -2-amino- 
6-piper idinopur ine . 

54 • 9- (R) - ( 2-Phosphonomethoxypropyl) -2-amino- 
5 6-morpholinopurine. 

55 • 9- (R) -(2-Phosphonomethoxypropyl) -2-amino- 
6-benzylaminopurine. 

10 56 • 9- (S) - ( 2-Phosphonomethoxypropyl) -8- 

azaguanine. 

57 # a- (s) - ( 2-Phosphonomethoxypropyl) -8- 
azaguanine. 

15 

58. 9-(R)-(2-Phosphonomethoxypropyl)-8- 
azaguanine. 

59. 8-(R) - (2-Phosphonomethoxypropyl) -8- 
20 azaguanine* 

60 . 7- (R) - ( 2-Phosphonomethoxypropyl) -8- 
azaguanine* 

25 . 61. 9-(R)-(2-Phosphonomethoxypropyl)-8-aza- 

2,6-diaminopurine. 

62 . 8- (R) - ( 2-Phosphonomethoxypropyl) -8-aza- 
2 , 6-diaminopurine. 

30 

63. 9-(R)-(2-Phosphonomethoxypropyl)-6- 
mercaptopur ine - 

64 . 9- (R) - (2-Phosphonomethoxypropyl) -N1,N6- 
35 ethenoadenine. 
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65. A compound selected from the group 
consisting of 9-(R)-(2-Phosphononethoxypropyl)-2,6- 
diaminopurine and the 1,3-dideaza, 1-deaza, 3-deaza or 8- 
aza analogs thereof. 

66. A method to synthesize the compounds of 
claim 1 wherein B is 2 -amino purine substituted at the 6 
position with alkylamino, dialkylamino, aralkylamino , 
heteroalkylamino or heterocyclic amino, comprising 
reacting the corresponding amine or heterocyclic amine 
with an alkyl (1-6C), aryl or aralkyl diester of 9-(R)- 

( 2-phosphonomethoxypropyl) -2-amino-6-chloropurine . 



25 
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